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Abstract 
Nowadays pictorial images are more often shown on displays than on paper. Therefore, display 
manufacturers have been trying to improve the image quality of their displays to increase their 
market share. To improve the image quality, not only good hardware technology and image 
processing algorithms but also good color difference equations are needed to predict the overall 
color difference between pictorial images shown on different panels or manipulated using different 
image processing algorithms etc. Color difference equations are also developed for the use of 
industrial purposes. However they were developed in limits of surround condition and applications. 
The purposes of this research is to clarify the effect of surround condition and magnitude of color 
difference on perceptual color difference for complex image. The experiment under four surround 
conditions was carried out to achieve these purposes. The collected data by psychophysical 
experiment was used to develop image color difference metric under various surround condition. 
Before conducting the main experiment, pilot test was conducted to investigate the effect of color 
difference magnitude on perceptual image difference.  
Pilot experiment tested the performance of each conventional color difference equation such as 
CIE ΔE*ab, CMC(l:c) and CIEDE2000 while the psychophysical experiment including wide range 
of color difference stimuli was conducted to evaluate perceptual color difference between original 
image and manipulated image. Twenty observers were participated in the experiment and 195 
stimuli were used for the magnitude estimation. 
Main Experiment was investigated how perceptual color difference is shifted by changing surround 
luminance level and magnitude of color difference. There are four surround conditions, dark, dim, 
average and bright. 996 stimuli were prepared for the experiment. 500 randomly selected stimuli 
were used for each surround condition. Twenty-three observers were participated in the main 
experiment. They were asked to evaluate the perceived color difference between original and 
manipulated images with magnitude estimation method.  
 
 
 
 
  
The major findings from the experiments are summarized as follows: 
In pilot test : 
The collected data set were used for the optimization of parameters for color difference equations. 
As the result, CIEDE2000 has the best performance when the wide range of image color difference 
was used for the image set. The main experiment was designed to redeem the limits of pilot test.  
 
In main test : 
In main test CIEDE2000 was only used for the optimization and the modification. 
The collected data set for each surround conditions were compared to one another. It shows that 
the perceived color difference for small color difference in dark condition is smaller than those of 
other conditions while the perceived difference for large color difference in dark condition is larger 
than those of other conditions. On the other hand CIEDE2000 predicts the small color difference 
smaller than the perceived color difference and predicts the large color difference larger than the 
perceived color difference. The collected data were categorized with 6 groups for each surround 
condition and the lightness and chroma parameteric factors were optimized for each group. The 
value for dark condition was increased as the color difference is larger but it is decreased for other 
surround conditions. 
New functions for surround-adaptive parametric factors has been proposed based on optimized 
parametric factors. It includes the function of lightness and chroma parametric factors. The 
performance for DE00_SOO shows that the model is significantly better than CIEDE2000[1:1:1] 
and [2:1:1] and the performance of DE00_SOO is almost similar to optimized result. It can reflect 
the perceptual features for assessment in various surround condition and the size of color difference 
while CIEDE2000 cannot predict these features since there is no term of surround condition.  
The new equation can be used for the evaluation overall image colour difference such as the 
duplicated displays for tiled display and perceptibility test in office condition among produced 
displays with same process. 
 
  
  
  
 I 
 
Contents 
Contents  .................................................................................................................................................. I 
LIST OF FIGURES ............................................................................................................................ VII 
LIST OF TABLES .............................................................................................................................. XII 
1. Introduction ..................................................................................................................................... 1 
1.1 Background ................................................................................................................................ 3 
1.2 Aim of the Investigation............................................................................................................. 4 
1.3 Terminology ............................................................................................................................... 4 
1.4 Thesis Outline ............................................................................................................................ 5 
2. Literature Survey ............................................................................................................................. 7 
2.1 Outline ........................................................................................................................................ 9 
2.2 Human Vision ............................................................................................................................. 9 
 Colour in science ................................................................................................................... 9 
 Structure of human eye ......................................................................................................... 9 
 The retinal receptors ........................................................................................................... 11 
 The mechanism for human vision ....................................................................................... 12 
2.2.4.1 Trichromatic theory .................................................................................................. 13 
2.2.4.2 Opponent-colour theory ............................................................................................ 14 
 Adaptation ........................................................................................................................... 16 
 Colour appearance Phenomena ........................................................................................... 17 
2.3 Psychophysical Experiment Technique .................................................................................... 19 
 Types of Perceptual Scale ................................................................................................... 19 
 Threshold and matching techniques .................................................................................... 21 
 II 
 
2.3.2.1 Threshold techniques ................................................................................................ 21 
2.3.2.2 Matching techniques ................................................................................................. 22 
 Scaling techniques .............................................................................................................. 22 
2.4 Colorimetry .............................................................................................................................. 23 
 Light source and Illuminants ............................................................................................... 24 
 Standard Measurement Geometry ....................................................................................... 25 
 Standard Observer ............................................................................................................... 26 
2.4.3.1 CIE Color matching function .................................................................................... 26 
 Tristimulus values and chromaticity ................................................................................... 29 
2.4.4.1 Tristimulus values ..................................................................................................... 29 
2.4.4.2 Chromaticity ............................................................................................................. 30 
 Colour appearance Terminology ......................................................................................... 32 
2.4.5.1 Colour appearance attribute ...................................................................................... 32 
2.4.5.2 Visual Field ............................................................................................................... 33 
 Colour Appearance Model .................................................................................................. 34 
2.4.6.1 Uniform colour space ............................................................................................... 34 
2.4.6.2 CIELUV .................................................................................................................... 35 
2.4.6.3 CIELAB .................................................................................................................... 35 
2.4.6.4 CIECAM02 ............................................................................................................... 36 
2.5 Colour difference equation ....................................................................................................... 40 
 CIELUV ઢE*uv .................................................................................................................... 41 
 CIELAB ઢE*ab .................................................................................................................... 41 
 CMC(l:c) ............................................................................................................................. 42 
 CIE94 .................................................................................................................................. 43 
 III 
 
 CIEDE2000 (CIEDE00) ..................................................................................................... 44 
 Guidance to use colour difference equations for complex images ...................................... 46 
2.6 Image difference equation ........................................................................................................ 48 
 Method based on pixelwise difference ................................................................................ 49 
2.6.1.1 Mean square error (MSE) ......................................................................................... 49 
2.6.1.2 Signal to noise ratio (SNR) ....................................................................................... 49 
2.6.1.3 Peak Signal to Noise Ratio (PSNR) .......................................................................... 49 
 Methods based on Image structure ...................................................................................... 50 
2.6.2.1 Universal Image Quality Index (UIQ) ...................................................................... 50 
2.6.2.2 Structural Similarity index (SSIM) ........................................................................... 50 
 Methods based on Human Vision System (HVS) ............................................................... 51 
2.6.3.1 S-CIELAB ................................................................................................................ 51 
2.6.3.2 i-CAM ....................................................................................................................... 53 
2.6.3.3 Hong and Luo Hue angle algorithm ......................................................................... 54 
2.6.3.4 Spatial Hue Angle MEtric (SHAME) ....................................................................... 55 
2.7 Summary .................................................................................................................................. 56 
3. Experiment Setting ........................................................................................................................ 57 
3.1 Outline ...................................................................................................................................... 59 
3.2 Experimental Environment ...................................................................................................... 60 
3.3 Device Characterization ........................................................................................................... 63 
 Colour Measurement Instrument ........................................................................................ 63 
 Monitor characterization ..................................................................................................... 64 
3.3.2.1 Uniformity test .......................................................................................................... 64 
3.3.2.2 Colour gamut and Tone curve ................................................................................... 65 
 IV 
 
3.3.2.3 Characterization modelling ....................................................................................... 67 
3.3.2.4 Performance test ....................................................................................................... 68 
 Lighting System Characterization ....................................................................................... 69 
3.3.3.1 Stability and Repeatability ........................................................................................ 71 
3.3.3.2 Characterization modelling ....................................................................................... 73 
3.4 Surround Luminance Setting .................................................................................................... 74 
3.5 Image Selection ........................................................................................................................ 76 
3.6 Image Manipulation ................................................................................................................. 77 
3.7 Psychophysical Experiment ..................................................................................................... 79 
 Subject ................................................................................................................................ 79 
 Method for Experiment ....................................................................................................... 80 
3.7.2.1 Steps for experiment ................................................................................................. 81 
3.8 Method for data analysis .......................................................................................................... 83 
 Coefficient of determination (R2, r2) ................................................................................... 83 
 Coefficient of Variation (CV) .............................................................................................. 84 
 Standardized Residual Sum of Squares (STRESS) ............................................................. 84 
 Small and Large color difference magnitude ...................................................................... 86 
3.9 Summary .................................................................................................................................. 87 
4. Observer Performances ................................................................................................................. 89 
4.1 Introduction .............................................................................................................................. 91 
4.2 Observer performance in pilot test ........................................................................................... 91 
4.3 Observer performance in main experiment .............................................................................. 93 
 Short-term repeatability ...................................................................................................... 94 
 Long-term repeatability ...................................................................................................... 95 
 V 
 
4.4 Summary .................................................................................................................................. 97 
5. Experimental Result of Pilot test ................................................................................................... 99 
5.1 Introduction ............................................................................................................................ 101 
5.2 Performance test for colour difference equations ................................................................... 101 
5.3 Parametric Factors Optimization for CMC(l:c) and CIEDE2000 .......................................... 105 
 Optimization result for CMC(l:c) and CIEDE2000 .......................................................... 106 
 Statistical Significance of the Optimized Parametric Factors ........................................... 109 
5.4 Conclusion ............................................................................................................................. 112 
6. Experimental result for Main experiment ................................................................................... 113 
6.1 Introduction ............................................................................................................................ 115 
6.2 Effect of parametric factors, kL and kC ................................................................................... 115 
6.3 The effect of surround condition on colour difference ........................................................... 117 
6.4 The effect of CIEDE2000[1:1:1] magnitude on colour difference ........................................ 119 
6.5 Optimization result of parametric factors, kL and kC .............................................................. 121 
 Optimization result by changing of surround condition ................................................... 121 
 Optimization result for different colour difference magnitude and surround conditions .. 123 
6.6 Summary ................................................................................................................................ 128 
7. Modelling for surround-adaptive colour difference metric ......................................................... 129 
7.1 Introduction ............................................................................................................................ 131 
7.2 Modelling for lightness parametric factor, kL_SOO ................................................................. 131 
7.3 Modelling for chroma parametric factor, kC_SOO ................................................................... 132 
7.4 Steps for using New Image colour difference equation, Soo’s model DE00SOO .................... 133 
7.5 Statistical Significance test .................................................................................................... 136 
 Statistical Significance test for optimized result and DE00SOO ......................................... 136 
 VI 
 
7.6 Conclusion ............................................................................................................................. 143 
8. Conclusions and Discussion ........................................................................................................ 145 
8.1 Overview ................................................................................................................................ 147 
 Performance test for colour difference equations ............................................................. 147 
 Effect of colour difference magnitude and surround conditions ....................................... 148 
 New image colour difference equation, DE00SOO ............................................................. 148 
8.2 Discussion .............................................................................................................................. 149 
8.3 Limitations and Further work ................................................................................................. 152 
REFERENCES ................................................................................................................................... 153 
Appendix 1 Visual and Optimized data .............................................................................................. 162 
1.1 Dark ............................................................................................................................................ 162 
1.2 Dim ............................................................................................................................................. 174 
1.3 Average ....................................................................................................................................... 186 
1.4 Bright .......................................................................................................................................... 199 
 
  
 VII 
 
LIST OF FIGURES 
Figure 1-1 Flow chart for thesis ............................................................................................... 5 
Figure 2-1 Structure of human eye (Hunt & Pointer, 2011) ................................................... 10 
Figure 2-2 Density of photoreceptors on retina (M. D. Fairchild, 2005) ............................... 11 
Figure 2-3 Spectral sensitivity of the photoreceptors, broken line : the spectral sensitivity of 
rod cells, full lines : the spectral sensitivity of cone cells .............................................. 12 
Figure 2-4 Spectral absorption in cone cells (Brown & Wald, 1964) ..................................... 13 
Figure 2-5 Trichromatic response of cone cells, a. red, b. green, c. blue (T. Tomita, et al., 
1967) ............................................................................................................................... 14 
Figure 2-6 Electrical response of the beneath layer of the retina, a. White-Black, b. Yellow-
Blue, c. Red-Green (Tomita & Tsuneo, 1963) ................................................................ 15 
Figure 2-7 Schematic illustration for zone theory (Kwak, 2003) ........................................... 16 
Figure 2-8 Example of Simultaneous contrast ....................................................................... 17 
Figure 2-9 Spectral power distributions for CIE illuminant A and D65 ................................. 24 
Figure 2-10 Spectral power distribution for CIE illuminant F2(bright full-line), F8(dashed 
line) and F11 (dark full-line) .......................................................................................... 25 
Figure 2-11 CIE recommended geometries(Berns, Billmeyer, & Saltzman, 2000) ............... 26 
Figure 2-12 Experimental setting for color-matching ............................................................ 27 
Figure 2-13 Color-matching functions for CIE 1931 Standard Observer .............................. 28 
Figure 2-14 CIE color-matching function for 1931 Standard Observer(2°) and for 1964 
Supplementary Standard Observer (10°) ........................................................................ 28 
 VIII 
 
Figure 2-15 Luminous efficiency functions, V’(λ) : CIE scotopic vision, V(λ) : CIE photopic 
vision .............................................................................................................................. 29 
Figure 2-16 CIE x, y chromaticity diagram, full-line : 2° observers, dashed line : 10° 
observers ......................................................................................................................... 31 
Figure 2-17 CIE 1976 UCS diagram, full-line : 2° observer, dashed-line : 10° observer ...... 32 
Figure 2-18 Schematic illustration of viewing field, (M. D. Fairchild, 2005)........................ 34 
Figure 2-19 The workflow of SSIM(Wang, et al., 2004) ....................................................... 51 
Figure 2-20 The workflow of S-CIELAB .............................................................................. 52 
Figure 2-21 The workflow of SHAME .................................................................................. 56 
Figure 3-1 Schematic diagram for experiment setting ........................................................... 60 
Figure 3-2 Arrangement of a pair of stimuli. Observer estimate the colour difference 
between two images, original and test images. .............................................................. 61 
Figure 3-3 Experimental Environment ................................................................................... 62 
Figure 3-4 Konica Minolta CS-2000 ...................................................................................... 63 
Figure 3-5 Arrangement of colour patches for uniformity test ............................................... 64 
Figure 3-6 Comparison of gamut sRGB and monitor gamut ................................................. 66 
Figure 3-7 Tone curve for each channel, x-axis is digital input value for 8-bit and y-axis is 
normalized luminance for each channel ......................................................................... 66 
Figure 3-8 Performance test result of monitor characterization model in CIELAB color space, 
triangles denote measured data by spectroradiometer and circles are predicted data 
using characterization model .......................................................................................... 68 
Figure 3-9 (a) Structure of lighting booth and (b) Control Panel ........................................... 70 
 IX 
 
Figure 3-10 Geometry for measuring light source ................................................................. 71 
Figure 3-11 Stability test of maximum value of lighting booth for 2.5 hours ........................ 72 
Figure 3-12 Repeatability test for three days over a week ..................................................... 72 
Figure 3-13 Measured data for lighting booth characterization ............................................. 73 
Figure 3-14 The points for measuring luminance ................................................................... 75 
Figure 3-15 Gamut change by increasing luminance ............................................................. 75 
Figure 3-16 13 reference images used for pilot test ............................................................... 76 
Figure 3-17 12 reference images used for phase 1 to 4 .......................................................... 77 
Figure 3-18 Method for image manipulation ......................................................................... 78 
Figure 3-19 Reference pair for each phase and pilot test. The reference pairs were prepared 
having similar color difference from phase 1 to phase 4. ............................................... 79 
Figure 3-20 Example of procedure for the experiment .......................................................... 80 
Figure 3-21 Process for pilot test. 195 stimuli was prepared and they were shown twice, 
session 1 and session 2. It took two weeks to finish Phase 1. ........................................ 81 
Figure 3-22 The process for phase 1 to phase 4. The order of 3 phases is counter-balanced 
irregular after finishing phase 1. Each phase gave 515-520 stimuli to observers. Each 
phase has different surround condition, Dark, Dim, Average and Bright ....................... 82 
Figure 4-1 Correlation coefficient values between average date and each subject’s 
response .......................................................................................................................... 91 
Figure 4-2 Repeatability test result (a) short-term repeatability (b) long-term repeatability . 92 
Figure 4-3 Correlation coefficient between geometric mean and each observer’s assessment 
data (a) dark, (b) dim, (c) average, (d) bright ................................................................. 94 
 X 
 
Figure 4-4 Short-term repeatability between first and second trials in dark condition .......... 95 
Figure 4-5 Long-term repeatability test between phase 1 and those of other phases ............. 96 
Figure 5-1 Relation between visual assessment and CIELAB ΔE*ab, filled circle indicates 
colour difference for chroma change, empty square is the colour difference for hue 
change and empty triangle denotes the colour difference for lightness change, (a) 
CIELAB(1:1), (b) CIELAB(2:1) .................................................................................. 102 
Figure 5-2 Relation between visual assessment and CMC(l:c), filled circle indicates colour 
difference for chroma change, empty square is the colour difference for hue change and 
empty triangle denotes the colour difference for lightness change, (a) CMC (1:1), (b) 
CMC(2:1), (c) CMC(2:2) ............................................................................................. 103 
Figure 5-3 Relation between visual assessment and CIEDE2000, filled circle indicates 
colour difference for chroma change, empty square is the colour difference for hue 
change and empty triangle denotes the colour difference for lightness change, (a) 
CIEDE2000(1:1:1), (b) CIEDE2000(2:1:1) ................................................................. 104 
Figure 5-4 The result of performance test of each colour difference equation, (a) the result 
of CMC(l:c), (b) the result of CIEDE2000, the colour on each figure indicates the 
change of STRESS by applying different parametric factors. If the colour is saturated 
the combination of parametric factors has better performance .................................... 107 
Figure 5-5 Relation between visual assessment and optimized result for (a) CMC(l:c) and 
(b) CIEDE2000, filled circle indicates colour difference for chroma change, empty 
square is the colour difference for hue change and empty triangle denotes the colour 
difference for lightness change ..................................................................................... 108 
Figure 6-1 Relation between visual assessment and CIEDE2000(1:1:1), filled circle 
indicates colour difference for chroma change, empty square is the colour difference 
for hue change and empty triangle denotes the colour difference for lightness change 
for each surround condition (a) dark, (b) dim, (c) average, (d) bright .......................... 116 
Figure 6-2 Comparison of visual assessment data for dark and those of other surround 
condition ....................................................................................................................... 118 
 XI 
 
Figure 6-3 The effect of the size of colour difference on perception, the difference between 
visual data and rescaled CIEDE2000[1:1:1], (a) dark, (b) dim, (c) average, (d) bright 120 
Figure 6-4 The change of optimized lightness parametric factor by changing surround 
luminance ..................................................................................................................... 122 
Figure 6-5 Number of images for each colour difference group .......................................... 123 
Figure 6-6 Optimized parametric factors for each colour difference magnitude group, (a) for 
kL and (b) for kC, filled square : dark, filled triangle : dim, empty square : average, 
empty triangle : bright .................................................................................................. 125 
Figure 6-7 Comparison between visual assessment data and CIEDE2000[2:1:1] for each 
colour difference magnitude group, (a) dark, (c) dim, (e) average, (g) bright and 
comparison between visual assessment data and CIEDE2000[optimized factors] for 
each colour difference magnitude group, (b) dark, (d) dim, (f) average, (h) bright ..... 127 
Figure 7-1 The predicted kL by kL_soo for each surround condition and colour difference 
magnitude ..................................................................................................................... 132 
Figure 7-2 The relation between CD’ and kC and trend line of the relation ......................... 133 
Figure 7-3 The relation between visual assessment data and CIEDE00[2:1:1] for (a) dark, 
(c) dim, (e) average, (g) bright or DE00_SOO for (b) dark, (d) dim, (f) average, (h) 
bright ............................................................................................................................ 141 
Figure 7-4 Relation between visual assessment data for pilot test and DE00_SOO ............... 142 
Figure 8-1 Comparing performance between (a), (d), (g), (j) CAM-UCS, and (b), (e), (h), (k) 
Euclidean distance in CIECAM02 JCh, and (c), (f), (i), (l) DE00SOO .......................... 151 
 
 
  
 XII 
 
LIST OF TABLES 
Table 2-1 Parameter Decision Table for CIECAM02 ............................................................. 38 
Table 2-2 Hue quadrature and eccentricity factors for CIECAM02 ....................................... 40 
Table 3-1 Konica Minolta CS-2000 specification .................................................................. 63 
Table 3-2 Measured monitor gamut with chromaticity coordinates for sRGB gamut ............ 65 
Table 3-3 SR value for each position and surround condition ................................................. 74 
Table 3-4 Summary for pilot and main experiment ................................................................ 87 
Table 5-1 Performance of colour difference equation for total colour difference ................ 105 
Table 5-2 Performance of colour difference equation for small colour difference ............... 105 
Table 5-3 Performance of colour difference equation for large colour difference ............... 105 
Table 5-4 The result of performance test for CMC(l:c) with various parametric factors 
conditions ..................................................................................................................... 107 
Table 5-5 The result of performance test for CIEDE2000 with various paremetric factors 
conditions ..................................................................................................................... 108 
Table 5-6 Summary for Statistical significant test with F-value for Total image set............ 110 
Table 5-7 Summary for Statistical significant test with F-value for S-CD set ..................... 110 
Table 5-8 Summary for Statistical significant test with F-value for L-CD set ..................... 111 
Table 6-1 Optimized parametric factors for each surround condition .................................. 121 
Table 6-2 Optimized parametric factors for 6 colour difference magnitude groups and 
STRESS values ............................................................................................................. 124 
Table 7-1 F-test for dark condition with ΔE00_soo ............................................................... 137 
 XIII 
 
Table 7-2 F-test for dim condition with ΔE00_soo: ............................................................... 137 
Table 7-3 F-test for average condition with ΔE00_soo .......................................................... 138 
Table 7-4 F-test for bright condition with ΔE00_soo ............................................................. 138 
Table 7-5 F-test for total images with ΔE00_soo ................................................................... 138 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 XIV 
 
 
 
 
 
 
 
 
 
 
 
THIS PAGE INTENTIONALLY LEFT BLANK 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Introduction 
  
 2 
 
 
 
 
 
 
 
 
 
 
 
THIS PAGE INTENTIONALLY LEFT BLANK 
 
  
 3 
 
1.1 Background  
With continuous advancements in the field of display technology, the electronic display market has 
been witnessing rapid growth. In recent times, pictorial images are being more often viewed on 
electronic displays than on paper. As a result, to achieve wider market penetration and increase 
customer base, display manufacturers have been trying to improve the image rendering qualities of 
their displays. To improve the image quality, not only are good hardware technology and image 
processing algorithms required but good colour difference equations are also needed to predict the 
overall colour difference between pictorial images shown on different panels or pictorial images 
manipulated using different image processing algorithms. 
Previous studies on the evaluation of overall colour differences for complex images found (Gibson, 
Fairchild, & Wright, 2000; Sano, Song, & Luo, 2003; Song & Luo, 2000; Stokes, 1991; Uroz, Luo, 
& Morovic, 2002) that the perceived colour differences between colour patches and the overall 
colour difference between two complex images are different even though they have the 
colorimetrically same colour difference values. The study, CIE Technical Committee 8-02 ‘Colour 
Difference Evaluation in Images’, studied the existing relevant researches and concluded, in their 
technical report, CIE 199:2011 (CIE, 2011), that the colour difference formulae developed for 
homogeneous surface colours such as CIELAB, CMC(l:c), or CIEDE2000 performed well with a 
twice-larger lightness parametric factor than chroma or hue parametric factors. Later, Liu et al. (Liu, 
Huang, Cui, Luo, & Melgosa, 2013) also confirmed CIE TC 8-02’s conclusion which stated that 
CIEDE2000(2.3:1) exhibited the best performance with perceptual colour difference data for 
complex images collected using the category judgment technique. 
Although the previous studies on overall colour differences in images show good consistency, it 
should be noted that most of the previous studies focused on investigating the perceptibility 
thresholds of image differences. In the case of colour difference studies using uniform colour 
patches, it is well known that the performance of the color difference formulae can be significantly 
affected by the size of the colour difference i.e. large or small colour differences (Wang, Bovik, 
Sheikh, & Simoncelli, 2004). Moreover, the perceptual colour difference can also be affected by 
the surround conditions. Further, in previous studies, most of colour difference equations were 
investigated for reference conditions using daylight D65 and mid-grey background; however, this 
approach is limited considering that human vision is exposed to a wide variety of viewing 
conditions. The effect of surround conditions on perceptual colour appearance is well documented; 
accordingly, it is likely that colour difference is also affected by surround conditions. Therefore, 
there is a need to investigate large colour differences between images and the effect of surround 
conditions also need to be investigated as well as the study for the perceptibility of colour difference. 
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1.2 Aim of the Investigation 
The aim of this thesis is to suggest new image colour difference equations considering the surround 
conditions and the colour difference magnitude. Perceptual colour difference data was obtained 
through an image set to verify the objective of this thesis for various surround luminance levels. 
The related image set was manipulated using CIECAM02 JCh for dark condition.  
The detailed aims of this study are (1) to test the performance of previous colour difference 
equations for a wide range of color difference magnitudes, (2) to investigate the effect of input 
parametric factors for colour difference equations on the performance, (3) to analyse the effect of 
surround luminance on perceived colour difference and (4) to suggest the new image colour 
difference equations for complex images considering the colour difference magnitude and the 
surround luminance level. 
As the result, a new colour difference equation based on CIEDE2000 is proposed with its 
parametric factors optimized for different surround luminance levels and the size of average colour 
difference sizes of images. It is derived to yield better performance than existing colour difference 
equations having suggested parametric factors.  
1.3 Terminology  
In this study, the frequently used terminology are as follows: 
Perceived colour difference Overall image color difference between two images judged by  
an observer  
Image colour difference  Overall color difference between two images 
Colour difference magnitude   Average CIELAB ΔE*ab or CIEDE2000 values between two  
images 
L-CD    Large colour difference in calculated colour difference 
S-CD    Small colour difference in calculated colour difference 
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1.4 Thesis Outline 
The flow chart shown in Figure 1-1 represents the structure of this thesis. The eight chapters shown 
in the flow chart elaborate the detailed aims of this study. 
 
Figure 1-1 Flow chart for thesis 
In Chapter 2, the literature survey is summarized. It describes the basics in colour science such as 
colorimetry, human vision, colour appearance model, and colour difference equations. Moreover, 
state-of-the-art colour and image difference metrics are introduced. 
In Chapter 3, the experimental setups of the pilot test and the main experiment are described. The 
environment and instrument for the measurement of the surround luminance, the display monitor 
employed, and the image set for the psychophysical experiment and the image manipulation 
method are described. The analysis method is also introduced. 
In Chapter 4, the observer performances are described in terms of repeatability and reproducibility 
for the pilot test and the main experiment. 
In Chapter 5, the result of the pilot test is interpreted. Here, the effect of the colour difference 
magnitude and the input parametric factors and the performance of widely used colour difference 
equations such as CIELAB ΔE*ab, CMC(l:c), and CIEDE2000 are investigated. The main 
experiment is designed based on the result of the pilot test. 
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In Chapter 6, the result of the main experiment is introduced along with the proposed, new colour 
difference equations. The main experiment was designed to investigate the effect of surround 
luminance and the size of colour difference on perceptual colour difference.  
In Chapter 7, the result of the main experiment was used to develop a new colour experiment. The 
statistical analysis for the performance of the new equation was tested and was compared to the 
performance of conventional colour difference equations. 
Chapter 8 summarizes the findings of this study and the discusses scope for the future work. 
 
The result of the pilot test was published in the Journal of Imaging Science and Technology in 
January 2015. 
S.Lee, Y.Kwak, Stephen Westland, “Color difference evaluation for digital pictorial images using 
magnitude estimation method”, Journal of Imaging Science and Technology, 59(1), Jan. (2015)  
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2.1 Outline 
In this chapter the background knowledge for this study would be introduced. The method for the 
interpretation of color difference would be summarized. The phenomenon affecting perception is 
introduced. The color difference equations and color appearance model are introduced and the color 
difference equations were used for the analysis of the data from the experiment. The color 
appearance model was used for the image manipulation. The state-of-art image difference metrics 
would be categorized and introduced in detail. 
2.2 Human Vision 
 Colour in science 
Isaac Newton was the first to scientifically analyse colour via experiments in 1666 (Hunt & Pointer, 
2011). In his experiments, he made a small hole in a window and blocked all light except that 
entering through the small hole. The light from the small hole forms an image on the opposite side 
of the window. He placed a prism near the hole such that the light was incident on the prism. He 
found that the light from the hole spread out into different coloured rays of light as in a rainbow; 
this is known as a spectrum. He placed a slit in front of the hole to investigate whether the rays of 
light spread into more rays of different colours. The light from the slit also spread when another 
glass prism was used but it did not spread into more rays of light than in the previous case. Thus, 
he concluded that the light from the sun was composed of a specific number of coloured rays that 
together form white light. 
The light we see is a part of electro-magnetic radiation and it is known as visible light. Visible light 
ranges from 380 to 780 nm. Human vision can distinguish colours in the range of visible light. 
Each wavelength with a different radiant power has a specific colour. Bluish colour has a short 
wavelength while reddish colour has a long wavelength. Thus, each colour has a physical 
implication. This is why colour can be analysed in scientific ways. 
 Structure of human eye 
The human eye consists of several parts having different functions. Light is not directly detected 
by the human eye, but rather is detected through a combined effort of the different parts of the eye. 
The structure of the human eye is illustrated in Figure 2-1. The Cornea is present on the outermost 
region of the eye. The curved surface is responsible for the optical power of the eye. It acts in 
conjunction with the lens. The lens controls its thickness in order to detect objects, thin for detecting 
distant objects and thick for detecting near objects. The Iris, which is present near the outer region 
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of the eye, controls the amount of outside light perceived by changing its shape. For instance, when 
illumination is low, the diameter of the iris increases, whereas it reduces for brighter conditions. 
The diameter changes from 2 mm to 8 mm. Light passes through an aperture controlled by the iris. 
The aperture is known as the pupil. The lens and cornea render an inverted image of the scene we 
observe on the retina. Human vision distinguishes colours within 40° (M. D. Fairchild, 2013; 
Hurvich, 1981). Outside of 40°, the human eye only detects movement. Sharpest vision is observed 
at the fovea. It is located 4° from the outside of the optical axis. It has a range of about 1.5° and 
the area is called foveola. Light cannot be detected around the region of the optic nerve and it is 
known as the blind spot. It lies about 10° on the other side of the optical axis. The retina has two 
types of receptors to distinguish colours, rods and cones. The inverted image is detected by the 
receptors. Then, the detected light on the retina passes through the optic nerve to the visual cortex. 
In the optic nerve the radiant power of the light changes to electronic signals so that they may be 
transmitted to the visual cortex via nerve fibres. 
 
Figure 2-1 Structure of human eye (Hunt & Pointer, 2011) 
There are three types of cone cells, namely (ρ, γ, β), (L, M, S), and (R, G, B). They are named as 
per the sensitivity of each cell. They are randomly distributed over the retina. Most cone cells are 
located in the fovea (Hofer, Carroll, Neitz, Neitz, & Williams, 2005; Mollon, 1982; Mollon & 
Bowmaker, 1992; Williams, 2006), Figure 2-2. The number of each type of cell differs from one 
observer to another. The ratio among three cone cells is about 40 to 20 to 1 for ρ, γ, and β, 
respectively (Walraven & Bouman, 1966). Human vision has about 150,000 photoreceptors per 
square millimetre of retina (120 million for rods and 7 million for cones). 
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Figure 2-2 Density of photoreceptors on retina (M. D. Fairchild, 2005) 
 
 The retinal receptors 
Receptors have different functions and the sensitivity of each type of receptor is different from 
another. Different types of retinal receptors operate separately or together for varied illumination 
levels. Rods operate to provide monochromatic vision in low illumination levels (<1cd/m2). Vision 
under low illumination levels is known as scotopic. Cones operate to process colour vision under 
normal illumination levels (>100cd/m2). Vision under normal illumination levels is known as 
photopic. Vision changes gradually from scotopic to photopic as illumination levels increase. When 
both types of receptors act at the same time, the condition is known as mesopic vision.  
The sensitivities of cone cells and rods are distributed within the range of visible light. Figure 2-3 
depicts the sensitivity curve of each type of photoreceptor. The full lines denote the sensitivities of 
three cone cells and the dashed lines indicate the sensitivities of rod cells. Rods are sensitive to 
short wavelengths while most cones are sensitive to long wavelengths. In this study, sensitivity was 
determined in direct or indirect ways. In the case of rods’ sensitivities, an experiment was 
conducted to compare the intensity of reference and test light in scotopic vision. The data was 
collected from two studies, each with about 70 observers (Crawford, 1949; Hunt & Pointer, 2011; 
Wald, 1945). They were asked to adjust the power of the test light until it had the same intensity as 
the reference light. The experiment indicated that rods have the highest sensitivities in the blue-
green region. As human vision cannot distinguish colour in scotopic vision, if the result of 
sensitivity for 600 nm is 30 times less than the sensitivity of 500 nm, then the power of 600 nm 
should be increased by 30 times to have the same intensity as that of 500 nm. On the other hand, it 
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is difficult to determine the spectral sensitivity for each cone cell directly as all cone cells operate 
simultaneously in photopic vision. Some researchers carried out experiments where they dissected 
cones from the human eye,  (Dartnall, Bowmaker, & Mollon, 1983; Hunt & Pointer, 2011), 
deduced findings from the data of observers having colour blindness (Estévez, 1979; Hunt & 
Pointer, 2011), or used tissues for determining the spectral sensitivities of cone cells (Nathans, 
Merbs, Sung, Weitz, & Wang, 1992). As shown in Figure 2-3, ρ cone is sensitive in the yellow-
orange region, γ cone is sensitive in the green region, and β cone has the highest sensitivity in the 
blue-violet region. Perceptual colour is determined by the ratio of the intensities among the three 
cone cells. 
 
Figure 2-3 Spectral sensitivity of the photoreceptors, broken line : the spectral sensitivity of 
rod cells, full lines : the spectral sensitivity of cone cells 
 
 The mechanism for human vision 
Many previous studies have attempted to interpret the mechanism of colour vision. Several 
assumptions have been proposed. The representative theories are trichromatic theory and Hering’s 
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opponent-Colours theory (Hering, 1878). They were suggested based on the results of empirical 
experiments.  
 
2.2.4.1 Trichromatic theory 
The trichromatic theory was suggested by Thomas Young in 1802. It was expended by Maxwell in 
1861 (Maxwell, 1861) and Helmholtz in 1894 (Von Helmholtz, 1894). It states that all colours can 
be described by a ratio among three types of photoreceptors. For example, yellow is generated by 
the red and green photoreceptors. They conducted an experiment that reproduced colours using 
three lights, red, green, and blue. Further, this theory was proved microscopically (Brown & Wald, 
1964). They measured the spectral absorption for single cones in the retina and found three peaks 
to describe the three cones’ sensitivities as depicted in Figure 2-4. Tomita et al directly measured 
the electrical response of cones using a microelectrode in the retina, (T. Tomita, Kaneko, Murakami, 
& Pautler, 1967). It shows that there are three cones that have different sensitivities across the entire 
range of visible light as shown in Figure 2-5. 
 
Figure 2-4 Spectral absorption in cone cells (Brown & Wald, 1964)  
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Figure 2-5 Trichromatic response of cone cells, a. red, b. green, c. blue (T. Tomita, et al., 1967) 
 
2.2.4.2 Opponent-colour theory 
Hering suggested another hypothesis which stated that the retina has three photoreceptors for 
responding to red-green, yellow-blue, and white-black in 1878 (Hering, 1878). He focused on the 
common knowledge that there are reddish blue and greenish blue but no yellowish blue or bluish 
yellow. Judd and Wyszecki proved the opponent-colour theory through an experiment, (Deane 
Brewster Judd & Wyszecki, 1975) and showed that there is an apponent-type spectral responses 
for the electrical response in the layer under the retina, (Svaetichin, 1953; Tomita & Tsuneo, 1963) 
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Figure 2-6 Electrical response of the beneath layer of the retina, a. White-Black, b. Yellow-
Blue, c. Red-Green (Tomita & Tsuneo, 1963) 
 
The vision process from the retina to the visual cortex can be described by the trichromatic theory 
and opponent-colours theory. The schematic illustration of the encoding process was described by 
the colour vision models of several studies. The summary of the zone-theory, a colour vision model 
suggested by Müller (Kwak, 2003; Müller, 1930) and formulated by Judd (Deane B Judd, 1949), 
is depicted in Figure 2-7. It represents both trichromatic and opponent-colour theories in zone 1 
and 2, respectively. It also consists of the further process, zone 3. Zone 3 presents the attribution 
of colour appearance as interpreted by the visual cortex. 
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Figure 2-7 Schematic illustration for zone theory (Kwak, 2003) 
 
 Adaptation 
Human vision has a static contrast ratio of 100:1, whereas the world consists of greater ranges of 
illumination levels ranging from those of starlit nights to sunny afternoons, which are at least 10 
orders of magnitude greater, (M. D. Fairchild, 2005). Human vision controls sensitivity to adapt 
for wide ranges of illuminations owing to its limited contrast ratio; this is known as dynamic 
adaptation. When the surround luminance suddenly becomes brighter in dark rooms owing to 
illuminants, light adaptation is performed. The pupil size is reduced and the visual system reduces 
its sensitivity to adapt to surround conditions as it does not need to have high sensitivity to perceive 
colours or objects in bright conditions. The process of dark adaptation, on the other hand, is the 
inverse of that of light adaptation. When entering a dark room from outside, it is hard to distinguish 
surround conditions for a few minutes. After a few minutes, the surround scene is clearly visible. 
For dark adaptation, the pupil size is increased in order to gather more illumination and the 
photoreceptors become more sensitive to illumination. Chromatic adaptation is another type of 
adaptation. The visual system controls the sensitivity of cone cells to enable perception when the 
colour of the illumination changes (Mullen, 1985). For instance, when the illumination 
dramatically changes from daylight to incandescent light, compensations are made in order to 
perceive the object’s colour. For example, when the illumination is very bluish, the visual system 
reduces the sensitivity of β cone but increases the sensitivity of ρ and γ cone cells. 
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 Colour appearance Phenomena 
It is well known that surround conditions affect the appearance of colour. There are several 
phenomena that affect colour appearance. In this section, the phenomena induced by changes in 
illumination levels are summarized. 
Simultaneous Contrast 
The appearance of colour varies for not only viewing conditions but also surround conditions. 
Simultaneous contrast (or chromatic induction) is the effect of background lightness on the 
appearance of colour. Colours look darker on a bright background, e.g., white, than on a dark 
background. Figure 2-8 shows an example of simultaneous contrast. Two grey patches having same 
brightness are on different backgrounds, white and black. The grey patch on the black background 
appears brighter than the grey patch on the white background. The phenomenon occurs in a similar 
fashion for opponent-colour combinations. A yellow stimulus on a blue background looks more 
yellowish than on a neutral background, (M. Fairchild & Wyble, 1998; Hunt, 1977). 
 
Figure 2-8 Example of Simultaneous contrast 
 
Purkinje effect 
As shown in Figure 2-15, luminous efficiency functions for scotopic and photopic vision differ 
from each another. V(λ) has its peak at 555 nm while V’(λ) has its peak at 510 nm. This implies 
that the sensitivities of photoreceptors vary from bluish colour to reddish colour when the surround 
luminance increases from dark to bright. For photopic vision, human vision is more sensitive to 
reddish colour. For example, consider two stimuli having same physical brightness. One is reddish 
in colour and the other is bluish in colour. When the surround luminance is sufficiently bright, 
human vision finds the reddish colour to be brighter than the bluish stimulus. If the surround 
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luminance suddenly decreases, i.e., scotopic vision, the bluish stimulus will be seen as brighter 
than the reddish colour due to the different peaks of the luminous efficiency functions for scotopic 
and photopic vision. This effect is called as Purkinje effect. 
Colorfulness increases with luminance (Hunt effect) 
Hunt conducted an experiment to investigate the effect of the state of adaptation on colour 
appearance (Hunt, 1952). He used haploscopic matching for the experiment. The experiment was 
designed to match the apparent saturations of changes in colour sensations under dark and bright 
illumination. Stimuli were prepared for observations by each eye. Each eye adapted to different 
viewing conditions. Observers were asked to match the colour sensations for the left eye for a series 
of test colours under different adaptation levels to the reference conditions of the right eye. As the 
result, it was found that lower luminance level induces less colorfulness. 
Breneman proved the effect of illumination level on perceptual colorfulness through his study, 
(Breneman, 1987). Further, the Hunt effect is implemented in the colour appearance model 
CIECAM02. 
Contrast increases with luminance (Stevens effect) 
The Stevens effect when using different levels of illumination to investigate the effect of brightness 
(or lightness) contrast is similar to the Hunt effect when investigating chromatic contrast change 
for different illumination levels (J. Stevens & Stevens, 1963). In the experiment for evaluating the 
Stevens effect, observers were asked to estimate the brightness of stimuli under various adaptation 
conditions through the magnitude estimation method. They concluded that the relationship between 
the perceived brightness and measured luminance follows a power function. In other words, 
increasing luminance level makes light colours appear lighter and dark colours appear darker. 
Image contrast changes with luminance (Bartleson-Breneman equations) 
Bartleson and Breneman carried out a study to investigate the effect of luminance levels and 
surround conditions on the perceived contrast of complex stimuli such as photographic prints and 
transparencies. (Bartleson & Breneman, 1967) They used scaling methods for the experiment. One 
is magnitude estimation and the other is a haploscopic method to match the brightness of the views 
of two eyes. The stimuli were 20 x 25 cm sections of 35 x 45cm five photographic prints in 
illuminated conditions and five transparency images viewed at a visual angle of 15° to 20° in a 
darken room. The stimuli were prepared with achromatic colours (black-and-white photographs). 
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They were presented under various levels of illumination. As the result, it was observed that 
contrast change is induced when surround luminance changes from the dark to bright condition. 
Thus, the dark area of complex images appear darker when the surround luminance is dark but 
there is scarcely any difference in the appearance of light areas of the images. In other words, 
luminance level affects dark areas more than bright areas. The luminance level induces contrast 
change for complex stimuli. Bartleson and Breneman suggested equations to predict their 
experiment result using logarithm functions. Further, Bartleson published a paper to predict 
optimum image tone reproduction with a simplified set of the equations (Bartleson, 1975). 
 
2.3 Psychophysical Experiment Technique 
Psychophysics is the study of the relation between physical stimuli and perception of stimuli. Data 
is obtained in the form of values of quantitative measures of subjective perception. There are two 
classes of visual experiments. One is threshold and matching experiments and the other is scaling 
experiments. They can be defined as follows. 
 
Threshold and matching experiments are designed to measure visual perception evoked by small 
changes in stimuli 
Scaling experiments is investigated for the relation between the physical and perceptual intensity 
of the stimuli 
Colorimetry is based on the result of psychophysical experiments. It is important to understand 
psychophysical experiment techniques. Moreover, as the right technique needs to be chosen to 
obtain meaningful results, appropriate selection of techniques needs to be investigates. 
 
 Types of Perceptual Scale 
Nominal Scale 
Nominal scale is used to classify or identify any set of symbols such as colour, labels in the market, 
or uniform number. For example, colour can be categorized into red, green, blue, yellow, etc. As 
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observed from the examples, nominal scale is used for naming a set of stimuli. Numbers are not 
employed in nominal scale as nominal scale is used for the purpose of naming. 
 
Ordinal Scale 
Ordinal scale is used for sorting stimuli in an ascending or descending order based on a particular 
attribute. For example, several coloured samples can be sorted on the basis of hue, chroma, or 
lightness. A relation is established among the stimuli. The attribute of a stimuli can be greater or 
lesser than that of another. If there are four stimuli, Rank 1, Rank 2, Rank 3, and Rank 4 is assigned 
to the stimuli. However, this does not imply that the difference between Rank 1 and Rank 2 is the 
same as the difference between Rank 3 and Rank 4. 
 
Interval Scale 
Interval scale is similar to ordinal scale but it can be used to order stimuli according to the numbered 
values of their attributes such as distance, temperature (°C, F), and difference value. However, zero 
does not have a specific meaning in interval scale. For instance, zero centigrade is an arbitrary zero; 
however, this does not imply that there is no temperature. It is possible to subtract or add between 
the attribute values of stimuli for interval scale. For example, the difference between 20° and 40° 
is the same as the difference between 100° and 120°. When 20° is added to 80°, it becomes 100°. 
Ratio Scale 
Ratio scale is similar to interval scale; however, in ratio scale, zero has a specific meaning, whereas 
in interval scale, zero has no meaning. Therefore, it is possible to multiply or divide between 
attribute values of stimuli for ratio scale.  
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 Threshold and matching techniques 
2.3.2.1 Threshold techniques 
Method of Limits 
Method of limits is a quick method to obtain the threshold (Prins, 2009). It has two series, ascending 
and descending. In the case of the ascending series, an observer is required to answer ‘no’ until a 
stimulus appears different from the previous stimulus. If their response is ‘no’, a new stimulus 
having a higher level is presented. When an observer answers ‘yes’, the ascending series is 
suspended. Then, a new stimulus with a lower level is presented, i.e., descending series begins until 
the observers answer ‘no’. The threshold experiment takes the average of the result of the ascending 
and descending series. 
Method of Adjustment 
Method of adjustment is the simplest threshold experiment method. An observer adjusts the 
stimulus magnitude directly until he/she can perceive the difference (difference threshold) or 
change (absolute threshold). The result may be biased due to an observer’s personal criteria (M. D. 
Fairchild, 2005). However, it is useful when there are a large number of difference conditions to be 
measured, (Nishida, Ledgeway, & Edwards, 1997). 
Method of Constant Stimuli 
The aforementioned methods establish an order among the stimuli and the observer is asked to 
evaluate stimuli presented in a specific order. The method of constant stimuli evaluates stimuli 
according to a random order. Before conducting the experiment, the stimuli are randomly chosen 
in the range from near-chance to 100% threshold. There are two sub-methods, yes-no method and 
forced-choice procedures. The yes-no (pass-fail) method is similar to the method of limits but the 
stimuli are presented in a random order. The threshold is set at 50% fail level. The forced-choice 
procedure involves conducting an experiment with two stimulus being evaluated per trial. The 
observer is asked to state whether or not the two stimuli appear same or different from each other. 
The threshold is set at 50% correct answers. 
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2.3.2.2 Matching techniques 
Asymmetric Matching 
When two stimuli under two different viewing conditions have to be matched as corresponding 
colours, the asymmetric matching technique is used. It is usually used for the study of chromatic 
adaptation and colour appearance. For example, the corresponding colour under incandescent light 
has to be derived compared to the stimulus under daylight. It is one of the result of experiments 
using asymmetric matching. Haploscopic experiment is also a matching technique. One stimulus 
viewed on one eye needs to match with the other stimulus viewed on the other eye (Hunt & Pointer, 
2011; Luo, 2000). 
Memory matching 
In the memory matching technique, memorized stimulus viewed under previous viewing conditions 
or previously viewed stimuli are considered. In this technique, an observer matches a stimulus to a 
memorized stimulus. Memory matching is used in colour appearance experiments. 
 
 Scaling techniques 
Magnitude Estimation 
Magnitude estimation is a psychophysical ratio scaling method. It is usually used for direct 
numerical estimation of sensory stimuli. There are two main methods, as described by Stevens (S. 
STEVENS, 1958). One is that a standard stimulus is presented with a certain numerical value such 
as 10. Then, observers assign numbers to their sensations relative to the value of the standard 
stimulus. For example, an observer assigns a value for a stimulus as 20, if the stimulus seems to 
have twice the magnitude of the standard stimulus. The other is that the standard stimulus is not 
used and observers are asked to measure the magnitude of the stimuli based on their experience. In 
both cases, the stimuli need to be presented irregularly. 
The magnitudes collected by several observers can be combined by computing the geometric mean 
for each stimulus when there is no standard modulus. Further, they can be combined by calculating 
the median or geometric mean for the modulus of the given case. The arithmetic mean is rarely 
used since the mean value is affected by unrepresentative high judgments. 
 
 23 
 
Rank Order 
In rank order, observers are asked to arrange the stimuli in the order of a given perceptual attribute. 
If there are data from large number of observers, they can be averaged and re-ranked to derive an 
ordinal scale.  
Paired Comparison 
If the number of stimuli is small, a pair of stimuli is presented at a time (Thurstone, 1927). An 
observer is asked to evaluate two stimuli for a given attribute. For example, the study for colour 
preference, which investigates which stimulus is more preferred, uses two stimuli at a time. The 
observer continues the experiment until they estimate all the possible pairwise combinations.  
Partition Scaling 
The partition scaling method uses bisection (Plateau, 1872). There are two fixed levels of stimuli, 
A and B, and an observer is asked to choose a stimulus that has the same difference between the 
stimulus and A as that between the stimulus and B. Since the given stimulus should be the middle 
point of bisection, the scale is interval scale. 
Category Scaling 
The category scaling technique uses ordinal or interval scales. Observer are asked to categorize 
large numbers of stimuli into various categories. The number of responses for observers are 
recorded for each category. The interval scale can be derived from the Togerson’s method, 
(Torgerson, 1954) 
 
2.4 Colorimetry 
Colorimetry is defined as the method for measuring colour, (CIE, 1986). Wyszecki said 
“Colorimetry in its broader sense includes methods of assessing the appearance of colour stimuli 
presented to the observer in complicated surroundings as they may occur in everyday life” 
(Wyszecki, 1973). There are three basic components of colour perception, object, light source and 
observer. Colorimetry forms the basis of the colour appearance model including these three 
components. 
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 Light source and Illuminants 
Light is the most important component for perceiving colour. The level of illumination indicates 
whether it is scotopic or photopic vision. Moreover, the type of light source affects the appearance 
of colour. There are several light sources such as daylight, incandescent light, fluorescent light, 
sodium light, and halogen light. A light source implies that light actually exists while illuminant 
exist in the table of spectral power distribution. CIE has standardized illuminants to assess colour 
(CIE, 2006). CIE illuminant A, F, and D65 are representative illuminants for incandescent, 
fluorescents, and average daylight, respectively. CIE sources correspond to CIE illuminants. CIE 
illuminant F is represented in 12 series. Among them, CIE illuminant F2 has a cool-white colour, 
F8 is a simulated illuminant of D50, and F11 has triband fluorescent peaks; F11 is the most popular 
CIE source in F series, as it is an equi-energy illuminant having non-selective spectral power 
distribution. They are illustrated in Figure 2-9 and Figure 2-10. The illuminants can be described 
not only with spectral power distribution but also with CCT (correlated colour temperature). CCT 
refers to the corresponding colour of temperature for black-body radiators and its unit is kelvin. 
CIE illuminant A, F, and D65 have CCT 2856, 4230, and 6500 K, respectively. When colourimetry 
is calculated, the spectral power distribution of actual light sources has to be used since CIE 
illuminant is a simulated light source. If the light source does not belong to one of CIE illuminants, 
the light source should be measured directly for a white reference under the test light source. It 
should be noted that the geometry of the measurement affects the result for spectral power 
distribution. 
 
Figure 2-9 Spectral power distributions for CIE illuminant A and D65 
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Figure 2-10 Spectral power distribution for CIE illuminant F2(bright full-line), F8(dashed 
line) and F11 (dark full-line) 
 
 Standard Measurement Geometry 
Stimuli induce radiant power from light sources. Geometry settings are important to colourimetry 
since the colour appearance could be different depending on the viewing condition. Four types of 
measurement geometries are standardized by CIE, diffuse/normal (d/0), normal/diffuse (0/d), 
45/normal (45/0), and normal/45 (0/45) for spectrophotometer, which measures reflected spectral 
power distribution. The geometry indicator shows illumination geometry first and viewing 
geometry following the slash (/). 0/d and d/0 and 45/0 and 0/45 are pairs of reversible geometries. 
The geometries are illustrated in Figure 2-11. 
Diffuse/normal and normal/diffuse measure the sample in an integrating sphere. In diffuse/normal 
the stimulus is illuminated from all angles by the integrating sphere and viewed at the near the 
normal angle. For normal/diffuse the sample is illuminated from the normal angle and the reflected 
angle is collected from all angles from the integrating sphere. Most of spectrophotometers have a 
gloss trap (black trap). Gloss trap helps to include or exclude specular components. When a gloss 
trap is used in the integrating sphere, the specular component is excluded and vice versa.  
In 45/0 geometry the sample is illuminated from 45 degree and the reflected light is detected at 
normal. 45/0 and 0/45 have identical reflected light and they are typically used for the stimuli 
having various levels of gloss. 
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Figure 2-11 CIE recommended geometries(Berns, Billmeyer, & Saltzman, 2000) 
 
 Standard Observer 
 The last component of colorimetry is human vision. The sensitivity curves of three cones can be 
used for the prediction of colour vision. However, CIE standardized a standard observer in 1931 as 
it is impossible to define cone sensitivity clearly. They established CIE color matching functions 
as CIE 1931 standard colorimetric observer for 2° observer. Spectral sensitivity was determined 
using indirect measured data by the trichromatic colour matching experiment. 
 
2.4.3.1 CIE Color matching function 
The colour matching experiment was conducted by trichromatic matching, which uses a test colour 
for one half of the field of view, and for the other half, observers are asked to mix the 
monochromatic lights, red, green, and blue. Spectral test colours were matched perceptually by 
additively mixing them. The amounts of the three lights were adjusted until the mixture looked the 
same as the test colour. The experimental setting is depicted in Figure 2-12. The monochromatic 
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lights have wavelengths of 700 nm, 546.1 nm, and 435.8 nm, respectively, for red, green, and blue 
and the matching field had 2°. Figure 2-13 shows the colour matching functions, CIE 1931 standard 
observer.  
 
Figure 2-12 Experimental setting for color-matching 
In the figure the amount of the primaries indicates the respective wavelengths. The unit represents 
the amount of primaries required to match the perception to the equi-energy stimulus, SE. The 
negative parts in the graph indicates that the test colour cannot be the same as the mixtures of the 
three lights but one of the light needs to be added to the test colour for it to be perceptually same. 
̅ݎ(ߣ),	݃̅(ߣ), and തܾ(ߣ) in Figure 2-13 were transformed to have only positive parts in ̅ݔ(ߣ), ݕത(ߣ), 
and ݖ̅(ߣ), respectively, Figure 2-14. Since the retina is not uniform, CIE 1931 standard observer 
may not continue to match if the field of size is increased. CIE recommended another colour 
matching functions when the field of size is greater than 4°, CIE 1964 Supplementary Standard 
Colourimetric Observer known as 10° observer; its function is represented in Figure 2-14 by dashed 
lines. It is indicated by ̅ݔଵ଴(ߣ), ݕଵ଴തതതത(ߣ), and ݖଵ଴തതതത(ߣ) to discriminate between 2° and 10°. 
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Figure 2-13 Color-matching functions for CIE 1931 Standard Observer 
 
Figure 2-14 CIE color-matching function for 1931 Standard Observer(2°) and for 1964 
Supplementary Standard Observer (10°) 
It should be noted that ݕത(ߣ) is identical in shape to ܸ(ߣ), the spectral luminous efficiency curve 
for photopic vision, Figure 2-15. ܸ(ߣ) is the experimental data that it used flicker photometry. 
Observers compared two stimuli. One is test light and the other is reference light. Observers asked 
to control the power until the stimuli has minimum frequency. On the other hand, ܸ(ߣ) is the 
experimental data obtained for flicker photometry. Observers compare two stimuli. One is test light 
and the other is reference light. Observers are asked to control the power until the stimuli has 
minimum frequency. On the other hand, ܸᇱ(ߣ)  is the spectral luminous efficiency curve for 
scotopic vision. To extract the curve, the matching experiment was used and observers were asked 
to adjust the power of the test light until the stimuli, reference, and test light, induce same sensations. 
 29 
 
Since it is the result of the relation between physical intensity and perceptual lightness, the power 
for each wavelength can be transformed to perceptual luminance. The luminance of each vision 
can be calculated by the following equations.  
ܲℎ݋ݐ݋݌݅ܿ	݈ݑ݉݅݊ܽ݊ܿ݁					ܮ = 683 ׬ܸ(ߣ) ∙ ܲ(ߣ) ∙ ݀(ߣ)   (cd/m2) 
ݏܿ݋ݐ݋݌݅ܿ	݈ݑ݉݅݊ܽ݊ܿ݁					ܮ = 1700 ׬ܸ(ߣ) ∙ ܲ(ߣ) ∙ ݀(ߣ)  
ݓℎ݁ݎ݁	ܲ(ߣ): ݏ݌݁ܿݐݎ݈ܽ	݌݋ݓ݁ݎ	(ܹ ݏݎ⁄ ݉ଶ⁄ ݊݉⁄ ) 
The luminance for photopic vision is corresponds to radiance. 
 
Figure 2-15 Luminous efficiency functions, V’(λ) : CIE scotopic vision, V(λ) : CIE photopic 
vision 
 
 Tristimulus values and chromaticity 
2.4.4.1 Tristimulus values 
The colour induced by illumination, object, and human vision can be calculated with the spectrum 
of the illuminant, spectrum of the reflected or transmitted light, or the spectral power distribution 
of the light source and colour matching functions. Since the colour-matching function has three 
curves for monochromatic lights, the colour would be represented as three numbers, tristimulus 
values. They can be calculated as follows : 
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ܺ = ݇නܲ(ߣ) ∙ ̅ݔ(ߣ) ∙ ݀(ߣ) 
ܻ = ݇නܲ(ߣ) ∙ ݕത(ߣ) ∙ ݀(ߣ) 
ܼ = ݇නܲ(ߣ) ∙ ݖ̅(ߣ) ∙ ݀(ߣ) 
ݓℎ݁ݎ݁	ܲ(ߣ)݅ݏ	ݐℎ݁	ݏ݌݁ܿݐݎ݈ܽ	ݎܽ݀݅ܽ݊ܿ݁(ܹ ݏݎ⁄ ݉ଶ⁄ ݊݉⁄ ), ܽ݊݀	݇	݅ݏ	ܿ݋݊ݏݐܽ݊ݐ 
When colour-matching function for CIE 1964 supplementary colour-matching function is used 
instead of CIE1931 colour-matching function, the monochromatic lights are indicated as X10, Y10 
and Z10. P(λ) is the spectral radiance or relative spectral power distribution. When the stimulus of 
interest is material, P(λ) is defined as the product of the spectral reflectance factor of the stimulus, 
R(λ), (or T(λ), transmittance of the material) and the relative spectral power distribution of light 
source of interest S(λ), R(λ)S(λ), or T(λ)S(λ). When the light source or self-luminous stimuli was 
used as a sample, P(λ) is the spectral radiance. k can be discriminated by means of use. When k is 
683 lumens/watt, the tristimulus values are absolute colourimetry since Y is identical to the 
luminance. For relative colourimetry k is defined as follows:  
݇ = 100/නܵ(ߣ) ∙ ݕത(ߣ) ∙ ݀(ߣ) 
Relative colourimetry normalizes tristimulus values by using the aforementioned k. It always 
maintains the value of Y as 100 for the used light source (reference white). The value is proportional 
to the reference white under light source. When it is equi-energy stimulus, tristimulus values are 
identical. 
 
2.4.4.2 Chromaticity 
Tristimulus values are inconvenient to represent the colour since they have to represent colours in 
three-dimensional space. Tristimulus values are projected to two-dimensional space for 
convenience since X and Z for tristimulus values do not have correlation to perceptual attributes. 
Chromaticity is designed to represent relative magnitudes of tristimulus values. It can be calculated 
as follows: 
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ݔ = 	 ܺܺ + ܻ + ܼ 
ݕ = 	 ܻܺ + ܻ + ܼ 
ݖ = 	 ܼܺ + ܻ + ܼ 
It should be noted that x+y+z=1. By using two co-ordinates such as x and y the colour can be 
represented and the rest can be deduced, e.g., z = 1 – x – y. The curved line in Figure 2-16 shows 
the chromaticity co-ordinates of spectral colours and it is named as spectral locus. The dashed line 
shows the chromaticity co-ordinates for CIE 1964 supplementary colour-matching functions. When 
CIE 1965 supplementary colour-matching functions were used for chromaticity diagram, the 
subscript, 10, is represented for the discrimination. Since equi-energy has identical tristimulus 
values, the colour would be vivid as the co-ordinates are father from the equi-energy. There is an 
additional linear line connecting from 450 nm to 650 nm known as purple boundary. The area 
enclosed by the spectral locus and purple boundary shows the domain of visible colours. The 
mixture of two colours would lie somewhere on the line joining the two points. 
 
Figure 2-16 CIE x, y chromaticity diagram, full-line : 2° observers, dashed line : 10° observers 
Even though a chromaticity diagram is convenient to represent colours, there are several 
disadvantages. The colours are non-uniformly distributed on the chromaticity diagram. Moreover, 
it does not have information about the luminance of the colour since it is only a projection of co-
ordinates on two-dimensional space. Finally, the co-ordinates do not convey information about 
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colour perception as they only describe the relation between colour stimuli. CIE established another 
chromaticity diagram to solve the non-uniformity problem of CIE x, y chromaticity diagram known 
as CIE 1976 UCS diagram or CIE 1976 uniform chromaticity scale diagram (commonly u’, v’ 
diagram). u’, v’ chromaticity diagram is shown in Figure 2-17. It can be calculated using the 
following equations : 
uᇱ = 	 4ܺܺ + 15ܻ + 3ܼ 
vᇱ = 	 9ܻܺ + 15ܻ + 3ܼ 
 
Figure 2-17 CIE 1976 UCS diagram, full-line : 2° observer, dashed-line : 10° observer 
 
 Colour appearance Terminology 
Explaining colour with physical values is not sufficient as colour relies on perception. For example, 
the appearance of two colours under different viewing conditions would seem different depending 
on the viewing condition even if the physical values of the two colours are the same. It is important 
to interpret colours based on perception with regard to colour appearance attributes. 
2.4.5.1 Colour appearance attribute 
CIE established International Lighting Vocabulary to define colour appearance attributes in 1987 
and it was updated in 2011 (CIE, 1987, 2011a; M. D. Fairchild, 2005; Hunt & Pointer, 2011). The 
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attributes can be categorized into achromatic attributes, chromatic attributes, and hue. The 
definitions are introduced as follows. 
Achromatic attributes 
Brightness Attribute of a visual perception according to which an area appears to exhibit more 
or less light 
Lightness The brightness of an area judged relative to the brightness of a similarly illuminated 
area that appears to be white or highly transmitting 
 
Chromatic attributes 
Colourfulness Attribute of a visual perception according to which an area appears to exhibit more 
or less of its hue 
Chroma The colourfulness of an area judged in proportion to the brightness of a similarly 
illuminated area that appears to be white or highly transmitting 
Saturation Colourfulness of an area judged in proportion to its brightness 
 
Hue 
Hue  Visual perception attribute according to which an area appears to be similar to one 
or appears to consist of proportions of two of the perceived colours red, yellow, green, and blue 
 
2.4.5.2 Visual Field 
The viewing condition (or field) greatly affects colour appearance. It is necessary to define viewing 
field since different viewing field yield different cognitive interpretations of a stimulus. Hunt 
defined viewing fields for five areas as follows (Hunt, 1991, 2005; Hunt & Pointer, 2011). 
Stimulus The colour element for which a measure of colour appearance is desired. Typically, 
a uniform patch of about 2° angular subtense 
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Proximal field The immediate environment of the stimulus extending for about 2° from the edge 
of the stimulus in all or in most directions 
Background The environment of the stimulus, extending for about 10° from the edge of the 
stimulus (or proximal field, if defined) in all or in most directions 
Surround The field outside the background 
Adapting field The total environment of the colour element considered, including the proximal 
field, the background, and the surround, and extending to the limit of vision in all directions 
 
Figure 2-18 Schematic illustration of viewing field, (M. D. Fairchild, 2005) 
The schematic illustration of the viewing field is shown in Figure 2-18. The definition of the 
viewing field was used for development of the colour appearance model. 
 
 Colour Appearance Model 
2.4.6.1 Uniform colour space 
In 1976, CIE recommended two uniform colour spaces, CIELUV and CIELAB, to represent colour 
attributes such as lightness, chroma, and hue of stimuli. The aforementioned CIEXYZ has 
limitations in describing colour perception or appearance and CIE x,y chromaticity co-ordinates 
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are not uniform colour space and do not have luminance factors. CIELUV and CIELAB have been 
suggested for the supplementation of the drawbacks. Uniform colour space suggested by CIE can 
be one of the colour appearance models since it compares the stimulus to reference white.  
 
2.4.6.2 CIELUV 
CIELUV is represented by the following equations. The input values are u’,v’ coordinates of 
stimulus (u’, v’) and reference white (u’n, v’n). By CIELUV calculation colour appearance 
attributes in the space can be predicted such as lightness L*, redness-greenness u*, yellowness-
blueness v*, chroma C*uv, hue angle huv, and saturation Suv. 
L∗ = 116( ܻ
௡ܻ
)ଵଷ − 16 
ݑ∗ = 13ܮ∗(ݑᇱ − ݑᇱ௡) 
ݒ∗ = 13ܮ∗(ݒᇱ − ݒᇱ௡) 
ܥ௨௩∗ = 	ඥݑ∗ଶ + ݒ∗ଶ 
ℎ௨௩ = tanିଵ(
ݒ∗
ݑ∗) 
ܵ௨௩ =
ܥ௨௩∗
ܮ∗  
L* axis lies in the vertical plane and u* and v* lie in the horizontal plane. If L*, u*, and v* 
coordinates compose a Cartesian colour space then L*, C*uv, and huv coordinates are the cylindrical 
model. 
2.4.6.3 CIELAB 
CIELAB space is another uniform colour space recommended by CIE in 1976. It can be 
transformed using two sets of CIEXYZ values, tristimulus values of stimulus (X, Y, Z), and 
reference (Xn, Yn, Zn). It can also predict colour appearance attributes, lightness L*, redness-
greenness a*, yellowness-blueness b*, chroma C*ab, and hue angle hab. They can be calculated using 
the following equations. 
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ܮ∗ = 116݂ ൬ܻ
௡ܻ
൰ − 16 
ܽ∗ = 500[݂ ൬ ܺܺ௡൰ − ݂ ൬
ܻ
௡ܻ
൰] 
ܾ∗ = 200[݂ ൬ ܻ
௡ܻ
൰ − ݂ ൬ ܼܼ௡൰] 
ݓℎ݁ݎ݁	݂(ݔ) = 	ݔଵଷ															݂݋ݎ	ݔ > 0.008856 
= 7.787ݔ + 16116 						݂݋ݎ	ݔ ≤ 0.008856 
ܥ௔௕∗ = ඥ(ܽ∗)ଶ + (ܾ∗)ଶ 
ℎ௔௕ = tanିଵ(
ܾ∗
ܽ∗) 
The colour space represents a three-dimensional space that has a lightness axis for the vertical plane 
and a* and b* coordinates lie on horizontal plane.  
 
2.4.6.4 CIECAM02 
CIE Technical Committee 1-34 (TC1-34) established a colour appearance model to predict 
perceptual colour appearance under various surround condition such as lightness, chroma, 
saturation, and hue. CIECAM02, which was proposed by CIE TC 8-01 in 2002 (Moroney et al., 
2002) is a modified version of CIECAM97s. The colour appearance model includes many previous 
studies to reveal human perception such as chromatic adaptation and dynamic adaptation. Many 
studies for the improvement of colour appearance model were published. RLAB (M. D. Fairchild, 
1994, 1998; M. D. Fairchild & Berns, 1993) is a colour appearance model that suggests colour 
appearance predictors including chromatic adaptation and uniform colour space like CIELAB 
space. It considers surround luminance, YLn, and proportions of cognitive discounting-the 
illuminant. D. LLAB model is another colour appearance model using CIELAB space. They 
considered surround luminance, YLn, and proportions of cognitive discounting-the illuminant, D. 
LLAB model is another color appearance model using CIELAB space (Luo, Lo, & Kuo, 1996; Luo 
& Morovic, 1996). It considers chromatic adaptation transform and a uniform colour space. It 
includes not only surround luminance but also background luminance as a factor. The latest model 
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was suggested by Hunt. His model had been revised through 1980s and 1990s, (Hunt, 1982, 1985, 
1987, 1989, 1991, 1994). He includes predictors not only for photopic vision but also for scotopic 
vision as well as chromatic adaptation, dynamic adaptation, surround, and background luminance. 
CIECAM97s is the first version of CIECAM02 and it was standardized by the CIE Technical 
Committee TC1-34 in 1997. It includes many theories, which the proposed colour appearance 
model also does. It also predicts lightness contrast change by surround and background luminance 
(Stevens Effect) and chromatic contrast change by environment (Hunt effect). It is modelled based 
on many empirical studies (M. D. Fairchild, 1998; M. D. Fairchild & Berns, 1993; Hunt, 1982, 
1985, 1987, 1989, 1991, 1994; Hunt & Luo, 1994; Hunt & Pointer, 1985; Luo, et al., 1996; 
Yoshinobu Nayatani, Hashimoto, Takahama, & Sobagaki, 1987; Y Nayatani, Takahama, & 
Sobagaki, 1986; Yoshinobu Nayatani, Takahama, Sobagaki, & Hashimoto, 1990; Seim & Valberg, 
1986). CIECAM97s has shortcomings. First, the lightness scale does not remain zero for perfect 
black stimulus, (Luo, 2000; Moroney, 1998). Second, hue and saturation of CIECAM97s are 
affected by luminance factor (Hunt, Li, & Luo, 2003). The revised model, CIECAM02, fixes the 
shortcomings of CIECAM97s and simplifies the equations with removed non-linearity of the 
chromatic adaptation transformation for blue channel, (Finlayson & Drew, 1999; Finlayson & 
Süsstrunk, 2000; Li, Luo, & Hunt, 2000; Li, Luo, Rigg, & Hunt, 2002). 
The input data for CIECAM02 are tristimulus values for stimulus and reference white. Further, the 
surround and background factors should be set before the prediction. 
 
Input data of CIECAM02 
Relative tristimulus values of test sample  X Y Z 
Relative tristimulus values of the reference white Xw Yw Zw 
Relative Luminance of the Background  Yb 
(20% gray for images) 
Specifies the Degree of Adaptation   D 
Adapting Field Luminance in cd/m2  LA 
(often 20% of the luminance of white) 
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Surround Parameter 
Impact of Surround    c 
Chromatic Induction Factor   Nc 
Factor for Degree of Adaptation    F 
 
The surround condition is defined by for Dark, Dim, and Average. The surround parameter is 
determined depending on the surround condition or (SR, Surround Ratio, Ls/Lw where Ls is 
luminance of surround and Lw is luminance of reference white). It is summarized in Table 2-1. The 
degree of adaptation is defined as 1.0 for complete adaptation or discounting and 0 for no adaptation 
and in between 1 and 0 for various degrees of incomplete adaptation. 
 
Table 2-1 Parameter Decision Table for CIECAM02 
Viewing 
Condition c Nc F 
Average 
Surround 0.69 1.0 1.0 
Dim Surround 0.59 0.9 0.9 
Dark Surround 0.525 0.8 0.8 
 
The chromatic adaptation transform (CAT02) (CIE, 2004) and dynamic adaptation are carried out 
first for the calculation. Then, opponent colour signals, achromatic signals, and redness-greenness 
and yellowness-blueness, are calculated. Finally, the colour appearance predictors, lightness, 
brightness, chroma, colourfulness, saturation, hue angle and hue quadrature, are calculated for the 
stimulus. The process is shown in the following equations. 
 
Chromatic adaptation 
อ
ܴ
ܩ
ܤ
อ = ܯ஼஺்଴ଶ อ
ܺ
ܻ
ܼ
อ 	ݓℎ݁ݎ݁	ܯ஼஺்଴ଶ = อ
0.7328 0.4296 −0.1624
−0.7036 1.6975 0.0061
0.0030 0.0136 0.9836
อ 
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ܴ஼ = ൤ܦ ∙ ൬
ܴௐோ
ܴௐ ൰ + 1 − ܦ൨ ∙ ܴ,							ܩ஼ = ൤ܦ ∙ ൬
ܩௐோ
ܩௐ ൰ + 1 − ܦ൨ ∙ ܩ,							ܤ஼ = ൤ܦ ∙ ൬
ܤௐோ
ܤௐ ൰ + 1 − ܦ൨ ∙ ܤ					 
D = F ∙ ൤1 − 13.6 ∙ ݁
ି௅ಲିସଶଽଶ ൨					 
อ
ܺ௖
௖ܻ
ܼ௖
อ = ܯ஼஺்଴ଶିଵ อ
ܴ௖
ܩ௖
ܤ௖
อ 
Dynamic Adaptation 
อ
ܴᇱ
ܩᇱ
ܤᇱ
อ = ܯு อ
ܺ௖
௖ܻ
ܼ௖
อ 	ݓℎ݁ݎ݁	ܯு = อ
0.38971 0.68898 −0.07868
−0.22981 1.18340 0.04641
0.00000 0.00000 1.00000
อ 
ܴ௔ᇱ = 400
(ܨ௅ܴᇱ 100)⁄ ଴.ସଶ
(ܨ௅ܴᇱ 100)⁄ ଴.ସଶ + 27.3
+ 0.1,					ܩ௔ᇱ = 400
(ܨ௅ܩᇱ 100)⁄ ଴.ସଶ
(ܨ௅ܩᇱ 100)⁄ ଴.ସଶ + 27.3
+ 0.1,	 
ܤ௔ᇱ = 400
(ܨ௅ܤᇱ 100)⁄ ଴.ସଶ
(ܨ௅ܤᇱ 100)⁄ ଴.ସଶ + 27.3
+ 0.1 
where	ܨ௅ = 0.2 ∙ ݇ସ ∙ (5ܮ஺) + 0.1 ∙ (1 − ݇ସ)ଶ ∙ (5ܮ஺)ଵ ଷ⁄ ,								݇ = 1 (5ܮ஺ + 1)⁄  
 
 
Opponent colour signals 
Achromatic Signal ܣ = [2 ∙ ܴ௔ᇱ + ܩ௔ᇱ + 0.05ܤ௔ᇱ − 0.305] ∙ ௕ܰ௕					ݓℎ݁ݎ݁	 ௕ܰ௕ = ଴.଻ଶହ௡బ.మ , ݊ =
௒್
௒ೢ 	 
Redness-Greenness ܽ = ܴ௔ᇱ − ଵଶଵଵ ∙ ܩ௔ᇱ +
ଵ
ଵଵ ܤ௔ᇱ  
Yellowness-Blueness   ܾ = ଵଽ (ܴ௔ᇱ + ܩ௔ᇱ − 2 ∙ ܤ௔ᇱ ) 
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Colour Appearance Predictors 
Lightness  ܬ = 100 ∙ ቀ ஺஺ೈቁ
௖௭ ,			ݖ = 1.48 + ቀ௒್௒ೈቁ
଴.ହ
 
Brightness  ܳ = ସ௖ ∙ ට
௃
ଵ଴଴ ∙ (ܣ௪ + 4) ∙ ܨ௅଴.ଶହ 
Chroma  ܥ = ݐ଴.ଽ ∙ ඥܬ 100⁄ ∙ (1.64 − 0.29௡)଴.଻ଷ 
   ݓℎ݁ݎ݁		ݐ = ௘∙√௔మା௕మோᇲೌ ାீᇲೌା(ଶଵ ଶ଴⁄ )∙஻ᇲೌ , ௖ܰ௕ = 0.725 ∙ ቀ
௒ೢ
௒್ቁ
଴.ଶ
 
	݁ = 	 12500013 ∙ ௖ܰ ∙ ௖ܰ௕ ∙ ቂcos ቀℎ
ߨ
180 + 2ቁ + 3.8ቃ 
Colorfulness  ܯ = ܥ ∙ ܨ௅଴.ଶହ 
Saturation           ݏ = 100 ∙ (ܯ ܳ⁄ )଴.ହ 
Hue angle           ℎ = arctan	(ܾ ܽ⁄ ) 
Hue quadrature       ܪ = ܪଵ + ଵ଴଴∙(௛ି௛భ) ௘భ⁄(௛ି௛భ) ௘భ⁄ ା(௛మି௛) ௘మ⁄  
 
Table 2-2 Hue quadrature and eccentricity factors for CIECAM02 
Unique Hue Red Yellow Green Blue 
Hue angle h 20.14 90.00 164.25 237.53 
Eccentricity e 0.8 0.7 1.0 1.2 
There is newly suggested uniform color space based on CIECAM02, CAM-UCS, but it is not 
standardized and it is complex to calculate (Luo, Cui, & Li, 2006). 
 
2.5 Colour difference equation 
When two colours lie on a uniform colour space, the distance between the two colours represents 
the colour difference. There are several colour difference equations based on CIE1976 colour space, 
CIELAB and CIELUV. Since it can describe colour attributes, lightness, chroma, and hue angle, 
the difference between two colours with lightness, chroma, and hue is available and the total colour 
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difference with the Euclidean distance is possible to predict the perceptual colour difference. In 
this section, the colour difference equation widely used are introduced. 
 
 CIELUV ઢE*uv 
One of CIE 1976 uniform colour space, CIELUV, has three axes, lightness, L*, redness-blueness, 
a*, and yellowness-blueness, b*(CIE, 1986). On a*-b* plane the colour attributes can be calculated 
such as chroma, ܥ௔௕∗ , and hue angle, ℎ௨௩ as well as lightness, L*. The difference of each colour 
attribute represents one of the perceptual colour differences with ΔL*, ΔC*uv, Δhuv, Δu*, and Δv*. It 
is possible to combine the difference of each colour axis to calculate total colour difference using 
the Euclidean distance. 
Δܧ௨௩∗ = ඥ(Δܮ∗)ଶ + (Δݑ∗)ଶ + (Δݒ∗)ଶ 
The difference of colour attributes, lightness, chroma, and hue, can also be used to calculate ΔH*uv. 
However, since huv is angular scale, hue angle cannot be combined with L* and C* directly. ΔH*uv 
needs to calculated by the following equation. 
Δܪ௨௩∗ = ටΔܧݑݒ∗ − (Δܮ∗)2 − (Δܥ∗)2 
For small colour difference close to L* axis ΔH*uv can be calculate with ΔH*uv = C*uv Δhuv(π/180). 
Further, the total colour difference with ΔL*, ΔC*uv, and ΔH*uv is  
Δܧ௨௩∗ = ඥ(Δܮ∗)ଶ + (Δܥ௨௩∗ )ଶ + (Δܪ௨௩∗ )ଶ 
 
 CIELAB ઢE*ab 
The colour attributes’ differences on CIELAB colour space are similar to the total colour 
differences on the CIELUV space. The attributes can be predicted with ΔL*, Δa*, Δb*, ΔC*ab, and 
Δh*ab. The total colour difference uses the Euclidean distance between two colour co-ordinates in 
three-dimensional space: 
Δܧ௔௕∗ = ඥ(Δܮ∗)ଶ + (Δܽ∗)ଶ + (Δܾ∗)ଶ 
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Another equation using ΔL*, ΔC*ab, and ΔH*ab is as follows 
Δܧ௔௕∗ = ට(Δܮ∗)ଶ + (Δܥ௔௕∗ )ଶ + (Δܪ௔௕∗ )ଶ 
For the reasons stated above, the hue difference should be transformed to radians as follows: 
Δܪ௔௕∗ = 2ටܥ௔௕,ଵ∗ − ܥ௔௕,ଶ∗ sin(
Δℎ௔௕
2 ) 
For small colour difference within close distance of the achromatic axis, ΔH*ab can be represented 
as: 
Δܪ௔௕∗ = 2ටܥ௔௕,ଵ∗ − ܥ௔௕,ଶ∗ Δℎ௔௕ 
There is no recommendation about which one is better among the two CIE 1976 colour spaces 
since they were investigated in different fields. CIELAB was investigated using AN40 formula, 
(Adams, 1942) based on colourant industry. On the other hand, CIELUV was developed for the 
television industry. Their performances were compared to each other but they have about equal 
performance. 
 CMC(l:c) 
The problem of CIE 1976 colour difference equations is that they cannot achieve the goal that they 
have perceptually uniform difference throughout the space. There are many researches to achieve 
the goal based on CIELAB. CMC(l:c) is also one of these researches. It is based on empirical visual 
assessment data using textiles, (BS6923:1988, 1988; Clarke, McDonald, & Rigg, 1984; McLaren, 
1983) 
It is one of the standards to evaluate small colour difference in the colourant industry. It uses 
weighting factors to modify colour difference in CIELAB space. The formula for CMC(l:c) is 
calculated using the following equations: 
Δܧ஼ெ஼∗ (݈: ܿ) = ඨቈ൬
Δܮ∗
݈ܵ௅ ൰
ଶ
+ ൬Δܥ௔௕
∗
ܿܵ஼ ൰
ଶ
+ ൬Δܪ௔௕
∗
ܵு ൰
ଶ
቉ 
where		ܵ௅ = 0.0409075ܮ∗ (1 + 0.01765ܮ∗)⁄ 									ݑ݈݊݁ݏݏ	ܮ∗ < 16	ݓℎ݁݊	ܵ௅ = 0.511 
ܵ஼ = 0.0638ܥ௔௕∗ (1 + 0.0131ܥ௔௕∗ )⁄ + 0.638 
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ܵு = (݂ܶ + 1 − ݂)ܵ஼ 
ݓℎ݁ݎ݁								݂ = 	ඨ (ܥ௔௕
∗ )ସ
(ܥ௔௕∗ )ସ + 1900 		,									ܶ = 0.36 +
|0.4 cos(ℎ௔௕ + 35)| 
ݑ݈݊݁ݏݏ		ℎ௔௕	݅ݏ	ܾ݁ݐݓ݁݁݊	164°	ܽ݊݀	345°	ݓℎ݁݊ 
ܶ = 0.56 + |0.2 cos(ℎ௔௕ + 168)| 
It shows that the weighting factor, SH, varies with the position of the colour and the degree of 
chroma value. The parametric factors, l and c, are chosen depending on the requirement. For a 
perceptibility test of two colours, l and c are set to unity, which is denoted as CMC(1:1). When 
acceptability using CMC equation need to be predicted, l and c are usually greater than unity. 
 
 CIE94  
CIE recommended a colour difference equation, CIE94 in 1994 (CIE, 1995). It is investigated based 
upon the available visual data and evaluated colour difference equations for industry use. It is called 
ΔE*94 or CIE94. The equation is less complicated than CMC and similar to the CMC formula. 
CIE94 can be calculated using the following equations: 
Δܧଽସ∗ = ඨ൬
Δܮ∗
݇௅ܵ௅൰
ଶ
+ ൬Δܥ௔௕
∗
݇஼ܵ஼൰
ଶ
+ ൬Δܪ௔௕
∗
݇ுܵு൰
ଶ
 
where				ܵ௅ = 1,											ܵ஼ = 1 + 0.045ܥ௔௕∗ , ܵு = 1 + 0.015ܥ௔௕∗  
The parametric factors, kL, kC, and kH are set depending on the relative weighting of the lightness, 
chroma and hue between CIE94 reference conditions and other applications. The parametric factors, 
kL, kC, and kH are recommended to use as unity for most applications but kL is set to 2 for the textile 
industry. The reference conditions for CIE94 were set by CIE (CIE, 1995) : 
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Illumination: CIE illuminant D65 Simulator 
Illuminance: 1000lux 
Observer: normal color vision 
Background: uniform, achromatic, L*=50 
Viewing mode: object 
Sample size: greater than 4° visual angle 
Sample separation: direct edge contact 
Sample color difference magnitude: 0 to 5 CIELAB Units 
Sample structure: no visually apparent pattern or nonuniformity. 
It is relatively simpler than CMC but the performance of CIE94 is significantly better than CIELAB 
colour difference. However, it is not recommended anymore since a more advanced colour 
difference equation, CIEDE2000, is typically used nowadays.  
 
 CIEDE2000 (CIEDE00) 
CIE94 is improved with new experimental data since CIELAB has a problem of non-uniformity in 
the blue area for predicting colour difference with ΔE*ab, (ISO/CIE, 2014; Luo, Cui, & Rigg, 2001). 
The blue region of CIELAB space has interactions between chroma and hue. The hue constant of 
the blue region is tilted towards the origin of CIELAB space. Further, the problem is aggravated 
for high chroma. It means that CIELAB space is unable to predict perceptual colour difference. 
Therefore, CIEDE2000 allows the use of the rotation term for high chroma and blue difference. 
The colour difference in CIEDE2000 can be evaluated as follows: 
Δܧ଴଴ = ඨቆ
Δܮ′
݇௅ܵ௅ቇ
ଶ
+ ቆ Δܥ′݇஼ܵ஼ቇ
ଶ
+ ቆ Δܪ′݇ுܵுቇ
ଶ
+ ்ܴ
Δܥ′
݇஼ܵ஼
Δܪ′
݇ுܵு 
Where 
ܮᇱ = 	 ܮ∗ 
 45 
 
Δܮᇱ = ܮᇱ௕ − ܮᇱ௦ 
Δܥ′ = ܥ′௕ − ܥ′௦ 
Δܪ′ = 2ඥ(ܥᇱ௕ܥᇱ௦) sin ቆ
Δℎᇱ
2 ቇ 
Δℎᇱ = ℎ′௕ − ℎ′௦ 
The subscripts b and s indicate the value of test and reference colour, respectively. 
The CIELAB axes transform as follows: 
ܮᇱ = ܮ∗ 
ܽᇱ = ܽ∗(1 + ܩ) 
ܾᇱ = ܾ∗ 
ܥᇱ = ඥܽᇱଶ + ܾᇱଶ 
ℎᇱ = tanିଵ ቆܾ
ᇱ
ܽᇱቇ 
ݓℎ݁ݎ݁		ܩ = 0.5
ۉ
ۇ1 − ඩ ܥ௔̅௕
∗തതതതത଻
ܥ௔̅௕∗തതതതത
଻ + 25଻ی
ۊ 
The bar signs for the CIEDE2000 equations are arithmetic mean of chroma values for the reference 
and test colours. 
The weighing factors SL, SC and SH can be calculated by 
ܵ௅ = 1 +
0.015(ܮᇱഥ − 50)ଶ
ඥ20 + (ܮᇱഥ − 50)ଶ
 
ܵ஼ = 1 + 0.045ܥᇱതതത 
ܵு = 1 + 0.015ܥᇱതതതܶ 
ݓℎ݁ݎ݁					ܶ = 1 − 0.17 cos൫ℎᇱഥ − 30°൯ + 0.24 cos൫3ℎᇱഥ + 6°൯ − 0.20 cos൫4ℎᇱഥ − 63°൯ 
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The tilted problem of blue region can be compensated using the rotation tem. 
்ܴ = −sin(2∆ߠ)ܴ஼ 
ݓ݅ݐℎ		∆ߠ = 30 exp ൭−ቆℎ
ᇱഥ − 275°
25 ቇ
ଶ
൱ 
ܴ஼ = 2ඨ
ܥ′ഥ ଻
ܥ′ഥ ଻ + 25଻ 
 
CIEDE2000 is investigated to evaluate the colour of objects viewed under the same reference 
conditions as CIE94. 
 
 Guidance to use colour difference equations for complex images 
Even though CIEDE2000 has higher complexity, its performance is certainly better than other 
colour difference equations. Many researches have compared the performance of colour difference 
equations for various applications. CIEDE2000 with CIELAB ΔE*ab has the best performance for 
complex pictorial images, (Sano, Song, & Luo, 2003).  
 
Stokes(Stokes, 1991) used six test images that can be categorized into difference categories. Each 
image is manipulated for three dimensions of lightness, chroma, and hue and each dimension has 
four types of transform. Some of the manipulation types were eliminated since some functions did 
not work in certain cases such as multiplicative for hue, and additive offset for chroma and lightness. 
Forty-four observers participated in the experiment. CRT monitor was used as the media. The 
stimuli were compared to each other by the paired-comparison technique. An observer was asked 
to evaluate the perceptibility and acceptability between two stimuli. The experiment was conducted 
in a dark room. It was found that there is no content dependency and the tolerance was 2.01 for 
perceptibility and 6.6 for acceptability. CIELAB ΔE*ab has better performance than CMC or CIE94. 
Song et al. (Song & Luo, 2000) used digital images for colour difference assessment. They were 
transformed into four kinds of transformation and each transform has 11 levels of colour differences. 
The images were presented on CRT monitor and the experiment was conducted in a dark room. 
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The stimuli were given in order as the method of limits to derive threshold for perceptibility and 
acceptability. As the result 2.2 ΔE*ab is the perceptibility threshold and the optimized best colour 
difference equation are CIELAB(1.8:0.95), BFD(1.4:0.65), CMC(1.8:0.6), CIE94(2.6:0.65), and 
CIEDE00(1.85:0.65) in terms of the lowest coefficient variation and standard deviation. 
Gibson et al. (Gibson, Fairchild, & Wright, 2000) used four displays, 1 CRT, 2 L-CD monitors, and 
1 print, to display test images. Three reference images were chosen for the experiment. Three types 
of transform were applied to the reference images. Each transform has 8 to 9 levels of 
manipulations. The test images were given with reference images. The experiment was presumably 
conducted in a dark room but it is not mentioned in the paper. The average perceptible threshold is 
1.7 ΔE*ab. 
Uroz et al. (Uroz, Luo, & Morovic, 2002) used printed images with a colour chart. The colour chart 
consisted of the most frequently occurring colours in each image. The experiment was conducted 
in a dark room. Colour difference was evaluated for a pair of images in each trial using the paired-
comparison method. Nine observers were asked to state the perceptible difference. The threshold 
is 2.1 ΔE*ab. They tested the colour difference equations with the visual assessment data. As the 
result, it was found that ΔE*ab and ΔE*94(kL:kC:kH=2:1:1) have better performance than 
ΔE*94(kL:kC:kH=2:1:1). 
Sano et al. (Sano, et al., 2003) used printed images for the perceptibility threshold test. Four 
reference images were selected for the experiment. The images were manipulated with four types 
of transforms and each transform had 8 levels of manipulations. The test images were presented 
with a colour palette. The colour palette consisted of the most commonly occurring colours for 
each reference images. Eleven observers were asked whether there is any colour difference between 
the two images. As the result, 98th percentile for perceptibility is 3.0 and average perceptibility 
threshold is 1.5. Sano et al. concluded that CIEDE00(2:1:1) outperformed the others. 
CIE recommends some colour-difference formulae to evaluate the colour difference for complex 
images, (CIE, 2011b). The formulae are derived from existing experimental data, (Gibson, et al., 
2000; Imai, Tsumura, & Miyake, 2001; Sano, et al., 2003; Song & Luo, 2000; Stokes, 1991; Uroz, 
et al., 2002). CIE recommends CIELAB ΔE*ab and CIEDE00(2:1:1) for evaluating the colour 
difference for images. 
However, the data set they used consists of a small colour difference. They focused on the 
perceptibility test not universal colour difference calculation for complex images.  
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Recently some researchers conducted similar studies to investigate the threshold for complex 
images. D. Lee et al. conducted experiments to investigate the perceptibility threshold for a wide 
range of colour difference variations (Lee, Luo, Cui, & Ahn, 2008). They used six reference images. 
The optimized parameter for test image set is CIEDE2000(4:1:1) and it has the best performance 
among colour difference equations, CIELAB ΔE*ab, CMC(l:c), CIE94, and CIEDE00. H. Liu et al. 
also conducted a study for colour difference evaluation for digital images using the categorical 
judgment method (Liu, Huang, Cui, Luo, & Melgosa, 2013). They carried out their experiments 
for a normal office environment with about 400lx luminance level. Five test images were used for 
the experiment and 12 observers participated in the experiment. They optimized parametric factors 
for each colour difference equations. As the result, CIELAB ΔE*ab (1.5:1), CIEDE00(2.3:1), 
CIE94(3.0:1), and CMC(3.4:1) exhibited the best performance and they could not find a significant 
difference among them. 
It is difficult to determine the best colour difference equation for colour difference evaluation of 
complex images since some researches included only small colour difference, some conducted their 
experiments in bright conditions, and some used different applications. However, they commonly 
concluded that CIEDE00(2:1:1) has the best performance if there are no test images consisting of 
large colour differences. 
 
2.6 Image difference equation 
Most image difference equations focus on the evaluation of distortion of images. Image difference 
metric can be a part of image quality metrics since the degree of image difference can be one of the 
measures for measuring image quality. Image quality metrics can be categorized into full-reference, 
reduced-reference, and no-reference image quality metrics as per the purpose. The full-reference 
image quality metric is the earliest investigated category and it is useful when the manipulated or 
distorted image has to be compared to a reference (original) image such as compressed image and 
gamut mapping image. The full-reference image quality metric can have image difference 
equations as a tool for the measurement of image quality. It is not appropriate to use no-reference 
image quality metric for image difference measurement. When contents need to be evaluated for 
image quality alone or there is no original image such as transformed image from a broadcasting 
station or artificially generated image, no-reference image quality metric should be applied. In this 
paper, full-reference image difference metric among full-reference image quality metrics are 
examined. There are uncountable full-reference image difference metrics. In this section, the major 
image difference metrics are summarized and categorized. The major image difference metrics can 
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be categorized into method based on pixelwise differences, method based on image structure, 
method based on image statistics and machine-learning, and method based on HVS (Human Visual 
System). 
 
 Method based on pixelwise difference 
2.6.1.1 Mean square error (MSE) 
MSE calculates the difference between the test (compressed) image and the reference image with 
the cumulative squared error: 
ܯܵܧ = 1ܯܰ ෍ ෍[ܴ(ݔ, ݕ) − ܵ(ݔ, ݕ)]
ଶ
ேିଵ
௫ୀ଴
ெିଵ
௬ୀ଴
 
R(x,y) and S(x,y) indicate the pixel value of grey scale for distorted and reference images 
respectively. It has been used due to ease of calculation and simple equations,(Teo & Heeger, 1994). 
The square root of MSE, RMSE, is taken instead of MSE. However, its accuracy is very poor in 
predicting perceived distortion. Many extensions of MSE have been introduced. (Ayed, Samet, 
Loulou, & Masmoudi, 2002; Lin, 1993; Mitsa & Varkur, 1993; Samet, Ayed, Masmoudi, & Khriji, 
2005) 
 
2.6.1.2 Signal to noise ratio (SNR) 
SNR is defined as the ratio between average pixel value and standard deviation, MSE.  
ܴܵܰ = 10 ∙ log ቆ∑ ∑ ܵ(ݔ, ݕ)
ଶே௫ୀ଴ெ௬ୀ଴
ܯܰ ∙ ܯܵܧ ቇ 
S(x,y) denotes the pixel value of the manipulated image in grey scale and MSE is mean square 
error. It is widely used due to its simplicity; however, its performance is poor similar to MSE. 
Several studies have proposed alternatives to address this problem. (Beghdadi & Pesquet-Popescu, 
2003; Wan, Xie, & Xu, 2007) 
2.6.1.3 Peak Signal to Noise Ratio (PSNR) 
PSNR measures peak error between test (distorted or compressed) and reference images. 
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ܴܲܵܰ = 20 ∙ log ൬ 255ܴܯܵܧ൰ 
It yields higher value when the quality has better reproduction. It is also simple for calculating 
image difference. It is widely used like SNR but its performance does not yield competent results 
compared to visual assessment data. Further researches have been conducted to improve 
performance using PSNR. (Egiazarian et al., 2006; Munkberg, Clarberg, Hasselgren, & Akenine-
Möller, 2006) 
 
 Methods based on Image structure 
2.6.2.1 Universal Image Quality Index (UIQ) 
UIQ is designed by Wang and Bovik (Wang & Bovik, 2002) to calculate image difference in grey 
scale regardless of viewing conditions, type of image distortions and individual observer. It uses 
the mean and variation of pixel values to reduce the complexity of calculations.  
Q = ߪ௫௬ߪ௫ߪ௬ ∙
2̅ݔݕത
(̅ݔ)ଶ + (ݕത)ଶ ∙
2ߪ௫ߪ௬
ߪ௫ଶ + ߪ௬ଶ 
where x and y are pixel values and bar symbol over x and y implies arithmetic mean while ߪ௫௬ 
over ߪ௫ߪ௬ is covariance.  
It outperforms PSNR and its calculation is relatively simple. The UIQ index ranges from -1 to 1, 
where 1 implies that two images are identical. However, UIQ has less correlation to visual 
assessment data. There are many notable metrics that compensate for this shortcoming such as 
SSIM, (Egiazarian, et al., 2006; Gayle, Mahlab, Ucar, & Eskicioglu, 2005; Toet & Lucassen, 2003; 
Wang, Bovik, Sheikh, & Simoncelli, 2004). 
2.6.2.2 Structural Similarity index (SSIM) 
SSIM is an extended index of UIQ (Wang, et al., 2004). It uses the definition of the structural 
information in an image to calculate the index. The structural information represents the structure 
of the objects, average luminance and contrast Figure 2-19. It compares the structure of distorted 
images to that of the reference image. It extracts the information of luminance, contrast, and 
structure of the objects from those two images in every local window.  
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Figure 2-19 The workflow of SSIM(Wang, et al., 2004) 
The results of the comparison for each local window are averaged. Since it uses local windows to 
calculate the index it compensates for the problem of global process in UIQ. However, it still uses 
the standard deviation and mean of grey scale to calculate luminance and contrast; therefore, it has 
limitations in predicting the perception. Additional researches have been conducted by other 
researchers based on SSIM (Chen, Yang, Po, & Xie, 2006; Dong, Zhang, Yu, & Li, 2007; Sheikh 
& Bovik, 2006). 
 
 Methods based on Human Vision System (HVS) 
2.6.3.1 S-CIELAB 
S-CIELAB is proposed by Zhang and Wandell (Zhang & Wandell, 1997). It is an extended version 
of CIELAB with pre-processing by spatial filtering. It has two main goals. One is to simulate HVS 
in the spatial domain by blurring grey scale images. The other is to adopt CIELAB calculation for 
the evaluation of image differences. Here, the CIEXYZ value of the image is separated into 
opponent colour channels and each channel is convolved with a kernel for applying visual spatial 
sensitivity. The edges of the image are blurred. It is useful to calculate halftone image’s difference. 
Since the edge of halftone cannot be detect by visual perception, the effect of edge of halftone 
should be considered before the calculation. The filtered image is transformed back to CIEXYZ 
and then they are converted to CIELAB space. Finally, CIELAB colour difference is calculated for 
the image difference index. The procedure for the calculation is depicted in Figure 2-20. 
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Figure 2-20 The workflow of S-CIELAB 
The transform matrix for opponent colour channel is shown below: 
൥
ଵܱ
ܱଶ
ܱଷ
൩ = 	ࡹ଴ ൥
ܺ
ܻ
ܼ
൩ 
ݓℎ݁ݎ݁			ࡹ଴ = ൥
0.279 0.72 −0.107
−0.449 0.29 −0.077
0.086 −0.59 0.501
൩ 
The kernel is defined as follows: 
݂ = ݇෍ݓ௜ܧ௜
௜
 
ݓℎ݁ݎ݁			ܧ௜ = ݇௜ exp ቈ
−(ݔଶ + ݕଶ)
ߪ௜ଶ
቉ 
݇௜  and ݇ are scale factors. They are considered when the sum of ܧ௜  and sum of ݂ for each 
colour plane equals 1.0, respectively. The parameters (ݓ௜; ߪ௜) for each channel can be set as follows: 
݈ݑ݉݅݊ܽ݊ܿ݁	(0.921, 0.105,−0.108; 0.0283, 0.133, 4.366) 
ݎ݁݀ − ݃ݎ݁݁݊	(0.531,0.330; 0.0392, 0.494) 
ܾ݈ݑ݁ − ݕ݈݈݁݋ݓ	(0.488, 0.371; 0.0536, 0.386) 
he advantage is that HVS is applied to evaluate image difference. However, the performance is 
sensitive to the type of kernel. There are additional improved indexes based on S-CIELAB (Bando, 
Hardeberg, & Connah, 2005; Bonnier, Schmitt, Brettel, & Berche, 2006; Jie, Nakaguchi, Tsumura, 
& Miyake, 2006; Johnson & Fairchild, 2001; Kimmel, Shaked, Elad, & Sobel, 2005; Marius 
Pedersen & Jon Yngve Hardeberg, 2009). 
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2.6.3.2 i-CAM 
Fairchild and Johnson proposed i-CAM by adopting the concept of S-CIELAB and CIECAM02, 
(M. D. Fairchild & Johnson, 2002). i-CAM considers viewing conditions and chromatic adaptation 
as well as CSF filtering. The first stage applies a chromatic adaptation transformation matrix to 
relative XYZ values. 
อ
ܴ
ܩ
ܤ
อ = ܯ஼஺்଴ଶ อ
ܺ
ܻ
ܼ
อ 	ݓℎ݁ݎ݁	ܯ஼஺்଴ଶ = อ
0.7328 0.4296 −0.1624
−0.7036 1.6975 0.0061
0.0030 0.0136 0.9836
อ 
ܴ஼ = ൤ܦ ∙ ൬
100
ܴௐ ൰ + 1 − ܦ൨ ∙ ܴ,							ܩ஼ = ൤ܦ ∙ ൬
100
ܩௐ ൰ + 1 − ܦ൨ ∙ ܩ,							ܤ஼ = ൤ܦ ∙ ൬
100
ܤௐ ൰ + 1 − ܦ൨ ∙ ܤ 
D = F ∙ ൤1 − 13.6 ∙ ݁
ି௅ಲିସଶଽଶ ൨					 
The RC, GC and BC are converted to XYZ corresponding colours under D65. 
On the other hand, the surround luminance image and absolute luminance images applying 
Gaussian filters are modulated using FL function while CIECAM02 apply the function to a single 
colour stimuli.  
ܨ௅ = 0.2 ∙ ݇ସ ∙ (5ܮ஺) + 0.1 ∙ (1 − ݇ସ)ଶ ∙ (5ܮ஺)ଵ ଷ⁄ ,								݇ = 1 (5ܮ஺ + 1)⁄  
The next stage is conversion of RGB signal into opponent colour signal. IPT (Ebner & Fairchild, 
1998) , was chosen as the colour space. First, the corresponding XYZ values are transformed into 
cone-response space and then the power-function is applied to each cone-signal. Finally, IPT space 
can be obtained. 
൥
ߩ
ߛ
ߚ
൩ = ൥
0.4002 0.7075 −0.0807
−0.2280 1.1500 0.0612
0.0 0.0 0.9184
൩ ൥
ܺ஽଺ହ
஽ܻ଺ହ
ܼ஽଺ହ
൩ 
ܮᇱ = ܮ଴.ସଷ															ܮ ≥ 0 
ܮᇱ = −|ܮ|଴.ସଷ										ܮ ≤ 0 
ܯᇱ = ܯ଴.ସଷ															ܯ ≥ 0 
ܯᇱ = −|ܯ|଴.ସଷ										ܯ ≤ 0 
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ܵ′ = ܵ଴.ସଷ															ܵ ≥ 0 
ܵᇱ = −|ܵ|଴.ସଷ										ܵ ≤ 0 
൥
ܫ
ܲ
ܶ
൩ = ൥
0.4000 0.4000 0.2000
4.4550 −4.8510 0.3960
0.8056 0.3572 −1.1628
൩ ൥
ܮ′
ܯ′
ܵ′
൩ 
Since the multi-orientation filtering affects come threshold metrics, (Johnson & Fairchild, 2001, 
2002, 2003; Ramirez & Watson; Watson & Ramirez, 2000), only single-scale spatial filtering with 
anisotropic filters are adopted. The IPT coordinates that are rectangular are converted into 
cylindrical coordinates, lightness (J), chroma (C), and hue angle (h). 
ܬ = ܫ 
ܥ = ඥܲଶ + ܶଶ 
ℎ = tanିଵ ൬ܲܶ൰ 
ܳ = ඥܨ௅4 ܬ 
ܯ = ඥܨ௅4 ܥ 
∆ܫ݉ = ඥ∆ܫଶ + ∆ܲଶ + ∆ܶଶ 
i-CAM can adaptively calculate image difference in various surround conditions. However, it has 
high complexity and it loses detail information when applying Gaussian filter such as shadow. In 
other words, i-CAM cannot predict image contrast with anisotropic filter (Moroney & Tastl, 2004). 
  
2.6.3.3 Hong and Luo Hue angle algorithm 
Hong and Luo suggested new image difference metric using CIELAB space, (Hong & Luo, 2002; 
Hong & Luo, 2006). They have several goals for applying a new algorithm. One is estimating the 
overall colour difference by applying a weight to the sum of colour difference between two adjacent 
pixels. Second, higher weight is given for larger areas of same colour. Third, larger colour 
difference for adjacent pixels are assigned larger weights. Forth, different priority is assigned 
depending on the hue area. 
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To achieve the goals, they suggested the following procedure to apply a new algorithm. 
a. To transfer each pixel’s L*, a*, b* values in L*, C*ab, h ab 
b. Calculate the histogram of the hab image plan, i.e. the probability of each hue-angle’s 
occurrences, and store the histogram information in an array hist[hue] 
c. The array hist[hue] is sorted in the ascending order. Then this array is divided into four sections: 
(i) For the first n hue-angle in the array hist[hue], while ∑ ℎ݅ݏݐ[݅] < 25%, ℎ݅ݏݐ[݅] = ௛௜௦௧[௜]ସ௡௜ୀ଴  
(ii) For the next m hue-angle in the array hist[hue], ∑ ℎ݅ݏݐ[݅] < 25%, ℎ݅ݏݐ[݅] = ௛௜௦௧[௜]ଶ௡ା௠௜ୀ௡ାଵ  
(iii) For the next l hue-angle in the array hist[i], while ∑ ℎ݅ݏݐ[݅] < 25%, ℎ݅ݏݐ[݅] =௡ା௠ା௟௜ୀ௡ା௠ା௟
ℎ݅ݏݐ[݅] 
(iv) For the rest of the hue-angle in the array hist[hue], ℎ݅ݏݐ[݅] = ℎ݅ݏݐ[݅] ∙ 2.25 
d. For each hue-angle that exists, the average colour difference of all the pixels with the same 
hue-angle in the image is calculated and stored in CD[hue] 
e. The overall colour difference for the whole image is calculated by CD୧୫ୟ୥ୣ = ∑ℎ݅ݏݐ[ℎݑ݁] ∙
ܥܦ[ℎݑ݁]ଶ/4 
f. They used adaptive weighting factors depending on the large area of the same colour, different 
hue-angle, and large colour difference between two neighbouring pixels. However, CIELAB 
space has a non-uniformity problem itself and it cannot predict image difference for halftoned 
images. 
2.6.3.4 Spatial Hue Angle MEtric (SHAME) 
SHAME is proposed by Pedersen and Hardeberg, (Marius Pedersen & Jon Y Hardeberg, 2009). 
They adopted two major image difference metric, Hong and Luo’s hue angle algorithm and S-
CIELAB Figure 2-21. They tried to allocate higher weight for larger areas of the same colour, to 
simulate human visual system by CSF and to generate single value to represent image difference. 
 56 
 
 
Figure 2-21 The workflow of SHAME 
It achieves the goals listed above but it is unable to address the fundamental issue of CIELAB 
colour space, non-uniformity. 
 
2.7 Summary 
In this chapter, many related literatures were introduced regarding human vision, colourimetry, 
colour appearance model, colour, and image difference metric. In particular, a summary of the 
strengths and shortcomings of full-reference image quality/difference metrics is presented. Even 
though they are categorized into three, the new metric combined into three categories is being 
investigated nowadays to enhance the accuracy of the image difference metric. It is notable that 
not only image structure or component needs to be considered but also human vision system needs 
to be considered to evaluate accurate perceptual image difference. Furthermore the metrics using 
image structure and pixelwise difference cannot predict the image difference for colour 
manipulation since they use gray scale for the evaluation. In this study the colour difference 
equations, CIELAB ΔE*ab, CMC(l:c) and CIEDE2000 which are standardized by CIE, were used 
for the image difference evaluation of colour reproduced images. The performances among three 
colour difference equations are compared and new image colour difference equation would be 
proposed based on the result of the performance test. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Experiment Setting 
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3.1 Outline 
The experiment was designed to clarify the effect of surround condition and magnitude of colour 
difference on perceptual image difference. An experiment was carried out under four surround 
conditions to achieve these purposes. Data collected via the psychophysical experiment was used 
to develop new image colour difference equations for various surround condition. Before 
conducting the main experiment, a pilot test was conducted to investigate the effect of colour 
difference magnitude on perceptual image difference. The outline for the experiment is presented 
as follows. 
In the pilot test, the effect of magnitude on perceived image difference, the psychophysical 
experiment including small and large colour difference stimuli was conducted to collect perceptual 
colour difference data between original image and manipulated image in a dark condition. The 
perceptual colour difference data was used to test the performance of each conventional colour 
difference equation such as CIE ΔE*ab, CMC(l:c), and CIEDE2000. 
In the main experiment, the effect of surround condition and colour difference magnitude on 
perceptual colour difference, it was investigated how perceptual colour difference shifts for 
changes in surround luminance level and magnitude of colour difference. The experiment was 
designed to supplement the result of the pilot test. The method for the psychophysical experiment 
was similar to that of the pilot test, which evaluated colour difference between two images (Phase 
1, 2, 3, 4). 
In this chapter, the experiment setting for pilot and main experiment and method for psychophysical 
experiment is described.  
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3.2 Experimental Environment 
The experiment was conducted in the room having a controllable lighting system. The wall was 
painted with neutral grey, Munsell N7, and the observers could not perceive any colourful objects 
in their viewing angles. The distance from the wall to the observer was about 2 m and the light was 
installed on the ceiling. The distance is 2 m from the floor. The monitor was set in the middle of 
the ambient light and the participants were requested to be seated 60 cm from the monitor, as shown 
in the schematic diagram Figure 3-1. The images used for the psychophysical experiment are 
rendered on a 24-inch L-CD monitor, EIZO ColourEdge 242W. The monitor’s resolution is 1920 
x 1200 pixels and manipulation of gamma and gamut are available. The lighting system, X-rite 
Macbeth Examolite SD-840, contains the illuminant simulator of D65. The observers watch the 
scene including the surround within about a 32° viewing angle. 
The arrangement of the stimuli is illustrated on a monitor in Figure 3-2. The stimuli, original and 
manipulated images, were displayed on a black background. They were sized with 17 x 13 cm (512 
x 384 pixels) and there was a 0.98 cm gap between them.  
 
Figure 3-1 Schematic diagram for experiment setting 
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Figure 3-2 Arrangement of a pair of stimuli. Observer estimate the colour difference between 
two images, original and test images. 
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Figure 3-3 Experimental Environment 
The picture for the experiment setting is shown in Figure 3-3. 
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3.3 Device Characterization 
Characterization is the method for investigating the relation between device independent signals 
and actual physical values to control a device as desired. The monitor and lighting system were 
characterized using tele-spectroradiometer. They were controlled intentionally for the experiment 
based on the result of characterization. 
 Colour Measurement Instrument 
Tele-spectroradiometer, Konica Minolta CS-2000, is used to measure the colour of the monitor 
and lighting system. The instrument measures radiant power and gives tristimulus values and 
spectrum data from 380 – 780 nm with 1 nm step as the output. The specification of CS-2000 is 
summarized in Table 3-1. The measured angle was controlled to have 1°, and tristimulus values 
using 2° observer for each measured data was used for the characterization. 
 
Figure 3-4 Konica Minolta CS-2000 
Table 3-1 Konica Minolta CS-2000 specification 
Wavelength range 380-780nm 
Wavelength spacing 1.0nm 
Measurement angle 1° 0.2° 0.1° 
Luminance range 0.003 - 5000 cd/m² 0.075 - 125,000 cd/m² 0.3 - 500,000 cd/m² 
Accuracy(cd/m2) ±2% 
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 Monitor characterization 
The measured data can be used to develop a function to predict specific colours, (Post & Calhoun, 
1989). This process is known as monitor characterization. 
First, the characteristics of the monitor are analysed using measured gamut and tone curve. Then, 
the characterization model was developed using GOG model (Berns, 1996). The performance of 
the characterization model was tested with random colours. Before characterization the monitor 
was calibrated to sRGB with 250cd/m2 peak white and 2.2 gamma. The colour patch size was 8.125 
cm for the height and width of the patches. Measured distance was 180 cm from the monitor. 
3.3.2.1 Uniformity test 
The Uniformity test of used monitor was conducted by measuring 35 arranged white colour patches 
on a screen. The arrangement depicts on Figure 3-5. The patch size is 4cm x 4cm. Thirty five white 
colour patches displayed on a scene and they were measured with spectroradiometer. To test the 
uniformity, No.18 colour patch was anchor point and the colour difference between anchor point 
and others was calculated in CIELAB colour space and the colour differences were averaged. The 
average of colour difference is about 1.77(σ2 = 1.21).  
 
Figure 3-5 Arrangement of colour patches for uniformity test 
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3.3.2.2 Colour gamut and Tone curve 
Three primary colours, red, green, and blue, and white were measured to quantify the monitor’s 
gamut. For tone curve grey, red, green, and blue channels with regular step of digital values were 
measured. Seventeen steps for each channel were measured for the tone curve. 
shows the measured gamut compared with sRGB gamut’s chromaticity. sRGB and monitor gamut 
do not significantly differ from each other. Thus, it is reliable to use sRGB gamut for image 
manipulation based on Figure 3-6 and Table 3-2.  
Figure 3-7 depicts the tone curve for each channel. X-axis indicates input data value range from 0 
to 255 since an 8bit computer was used and y-axis is the normalized luminance of the measured 
patch. When the measured data for tone curve is illustrated on a graph against the digital input 
value, it appears as a power function. 
Table 3-2 Measured monitor gamut with chromaticity coordinates for sRGB gamut 
 X Y(cd/m2) Z x y 
R 
(R for sRGB) 
114.11 57.23 4.01 
0.65 
(0.64) 
0.33 
(0.33) 
G 
(G for sRGB) 
84.2 176.01 25.81 
0.29 
(0.30) 
0.62 
(0.60) 
B 
(B for sRGB) 
44.86 21.12 239.63 
0.15 
(0.15) 
0.07 
(0.06) 
W 
(W for sRGB) 
235.09 249.82 263.73 
0.31 
(0.31) 
0.33 
(0.33) 
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Figure 3-6 Comparison of gamut sRGB and monitor gamut 
 
Figure 3-7 Tone curve for each channel, x-axis is digital input value for 8-bit and y-axis is 
normalized luminance for each channel 
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3.3.2.3 Characterization modelling 
For characterization modelling, the Gain-Offset-Gamma model was adopted, (Berns, 1996). The 
model is introduced in the following equations. 
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R means radiometric scalar for red channel where kg,r is gain, ko,r is offset, N is number of bits, dr 
indicates digital value for red channel, and γ is the exponent of power function shown in Figure 
3-7. The other channels have the same formulae for transferring to radiometric scalars. For the 
transformation, gain and offset is set to 1 and 0, respectively, and the gamma can be derived from 
tone curve as shown in Figure 3-7. The average value of tone curves for three channels is about 2.2. 
Each column of 3x3 matrix of the bottom equation indicates the tristimulus values of the primary 
colours, Red, Green and Blue. R, G, and B on the bottom equation indicate normalized digital input 
values as per the above equation. For the characterization model of the monitor (X, Y, Z) = (114.11, 
57.23, 4.01), (84.2, 176.01, 25.81), and (44.86, 21.12, 239.63) was used for tristimulus values of 
red, green, and blue, respectively. Further, the gamma of grey channel is used instead of the gamma 
for each respective channel. 
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3.3.2.4 Performance test 
Twenty random colours were measured to test the model performance. Figure 3-8 depicts the 
measured and the predicted in CIELAB colour space. Empty triangles show the measured data of 
20 random colour patches and empty predicted circles indicate the predicted colours using the 
above equations. They have similar colour coordinates, chroma, and lightness. The average colour 
difference (ΔE*ab) between predicted and measured colours is 0.98 ΔE*ab and the colour difference 
between them is not significant. 
 
 
Figure 3-8 Performance test result of monitor characterization model in CIELAB color space, 
triangles denote measured data by spectroradiometer and circles are predicted data using 
characterization model 
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 Lighting System Characterization 
Lighting system, X-rite Macbeth Examolite SD-840, has been characterized. It has three types of 
light sources, D65, A and F and the arrangement of the light sources is shown in Figure 3-9 (a). 
Each light source can be controlled by a customized program. As shown in Figure 3-9 (b), the 
customized program controls the lighting system with a keypad. Even though it ranges from 0 to 
1000, the effective input range is from 140 to 999.  
The input value changes the intensity of the light. Since this study does not investigate the effect 
of light source on perceived image difference, only D65 has been used and characterized. The 
stability, repeatability and characterization of D65 were tested. For the stability test, the luminance 
of light were measured until the luminance was stable. For the repeatability test, the luminance of 
a specific condition was measured repeatedly during a certain period of time. Then, the 
characterization model was developed. The colour for the light source was measured using a white 
patch. White patch on the GratagMacbeth chart were measured by telespectroradiometer with 0/45 
geometry as shown in.Figure 3-10. 
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(a) 
 
(b) 
 
Figure 3-9 (a) Structure of lighting booth and (b) Control Panel 
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Figure 3-10 Geometry for measuring light source  
 
3.3.3.1 Stability and Repeatability 
The stable lighting system is the most important factor for the main experiment. The stability test 
has to be preceded before the psychophysical experiment for a reliable result. Stability test was 
conducted to examine how long it takes to achieve stable luminance. The illuminant also has to 
emit repetitive luminance for the same input value at anytime. Therefore, the repeatability test was 
carried out for two weeks. 
For the stability test, the input value was set to maximum, 999, and the luminance was measured 
for every 30 minutes. Figure 3-11 shows the result. X-axis shows the time and y-axis indicates the 
luminance of white patch. First, its peak luminance has over 370 cd/m2 but it decreases with time. 
The lighting system is stable when it is warming up for about an hour. It has 370 cd/m2 after warm-
up.  
The repeatability was evaluated by measuring the same condition for the stability test three times 
over a week. The same white patch was used (the white patch of the X-rite GratagMacbeth chart) 
for the stability test. The white patch was measured every 15 seconds; this was continued for 40 
minutes. The repeatability test was evaluated next day and the next week of the first measuring day 
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as shown in Figure 3-12. Each graph of Figure 3-12 denotes the luminance for each day. The 
luminance for the days was different from each other at the beginning. However it became similar 
after 40 minutes. The maximum value that was emitted after a warm-up is about 370 cd/m2. As the 
result, the lighting system had warm-up time for 40 minutes before the start of the experiment. 
 
Figure 3-11 Stability test of maximum value of lighting booth for 2.5 hours  
 
Figure 3-12 Repeatability test for three days over a week 
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3.3.3.2 Characterization modelling 
The lighting system was characterized with the measurement of every 20 steps of the input signal. 
For each step, the luminance of the white patch of the GratagMacbeth chart was measured every 5 
minutes; this was continued for 10 minutes. The measured data for each step were averaged. The 
input intensity was not linear to the luminance. The over 800 input intensity had almost similar 
luminance even though the signal increased over 60 steps as shown in Figure 3-13. The relation 
between input value and measured luminance was predicted with the regression model as shown 
below. k indicates input intensity and Lv means luminance induced by the input intensity. 
Lv = 	−0.0005 ∙ kଶ + 1.0099 ∙ k − 105.69	 
The characterization model was used to control the luminance level for the main experiment. 
 
 
Figure 3-13 Measured data for lighting booth characterization 
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3.4 Surround Luminance Setting 
The surround condition such as dark, dim, average and bright is usually defined by SR (Surround 
ratio: surround luminance/reference white luminance). SR defines the measurement site. The 
luminance was measured with tele-spectroradiometer at three positions of the surround, table, 
monitor, and wall, as shown in Figure 3-14. NCS neutral patch, S0300-N, and grey wall, colour of 
Munsell N7 was measured at the marked position in Figure 3-14. In the case of table, measurement 
was carried out without the monitor. For the wall, 22 marks had to be measured. The distance 
between two marks on the wall is 12 cm. The luminance was measured three times at the same 
position. The data for each mark was averaged. For the wall the 22 marks were averaged. The input 
values were selected based on the result of the characterization model, i.e., the surround luminance 
belongs to dim (SR≤0.2), average (1≥SR>0.2) and bright (SR>1), respectively. The averaged data 
(SR) for each position was summarized in Table 3-3. 
The luminance for phase 2 to 4 was selected based on the measured data of the table since it has 
visually similar surround condition when SR is calculated for table position. When the luminance 
of monitor peak white is about 250 cd/m2, the luminance of the surround condition had 19% (47.5 
cd/m2), 42% (115 cd/m2), and 112% (280 cd/m2) of monitor peak white based on the measured data 
at the table. Further, their input values were 170, 250, and 555, respectively. 
 
Table 3-3 SR value for each position and surround condition 
Position Dim Average Bright 
Wall (Munsell N7) 
Wall (NCS S0300-N) 
0.04 (10 cd/m2) 0.09 (22.5 cd/m2) 0.22 (55 cd/m2) 
0.09 (22.5 cd/m2) 0.18 (45 cd/m2) 0.51 (127.5 cd/m2) 
Table (NCS S0300-N) 0.19 (47.5 cd/m2) 0.42 (105 cd/m2) 1.12 (280 cd/m2) 
Monitor (NCS S0300-N) 0.04 (10 cd/m2) 0.09 (22.5 cd/m2) 0.26 (65 cd/m2) 
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Figure 3-14 The points for measuring luminance 
The change in displayed colour gamut is measured by changing surround conditions since the 
glaring reflected from the monitor is affected by the level of surround luminance. The lighting 
system controls the light to produce four surround conditions, dark, dim, average, and bright. The 
monitor gamut does not change significantly for the four conditions, Figure 3-15. For brighter light, 
the gamut shrinks but the change is not significant. 
 
Figure 3-15 Gamut change by increasing luminance  
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3.5 Image Selection 
Thirteen test images were chosen for the pilot test among 25 test images used by N. Ponomarenko 
et al.,(Ponomarenko et al., 2009), Figure 3-16. The 25 test images have 24 Kodak lossless True 
colour image suite and 1 graphical image, made by N. Ponomarenko et al. It covers various contents 
and colours, portrait, natural scene, and artificial images. For phase 1 – 4, 12 test images were used, 
among which 3 were used for the pilot test and 2 ISO12640-2 images and 7 images were searched 
from the internet to test effect of contents on perceived colour difference, Figure 3-17. 
Test images have 512 x 384 (384 x 512) pixel size. The image format is ‘.bmp’. The criteria to 
choose test image depend on whether the image has memory colours such as skin, green grass, and 
blue sky since observers are more sensitive to colour changes of memory colour. This is the reason 
why the images are categorized as MC (memory colour), NMC (non-memory colour), and GI 
(graphical image). Each group was investigated for content dependency. For the pilot test, there 
were 5 images for MC, top of Figure 3-16, 7 image for NMC on the middle and bottom of Figure 
3-16 and 1 image for GI. 
For phase 1 to 4, 4 images for NMC, 3 images for GI, and 5 images for MC were used in the order 
named in Figure 3-17. 
 
 
Figure 3-16 13 reference images used for pilot test 
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Figure 3-17 12 reference images used for phase 1 to 4 
  
3.6 Image Manipulation 
Test images for each phase were manipulated using CIECAM02 JCh. The method for image colour 
manipulation is illustrated in Figure 3-18. All the steps for the manipulation are controlled using 
MATLAB. To manipulate images, the method is referred to as the method used by Sano et al (Sano, 
Song, & Luo, 2003). The flow chart for the manipulation is shown in Figure 3-18. Digital RGB 
values of input image is transformed into radiometric scalar RGB’ and then it is converted into 
XYZ using developed characterization model of used monitor. CIECAM02 JCh values were 
calculated using converted XYZ values and parameters for dark condition. Lightness (J) and 
chroma (C) were controlled using weighting factors and hue angle (h) was controlled by adding or 
subtracting the amount of control. The method for the manipulation of each component can be 
described by the following equations below. ݓ௃, ݓ஼  and ݓ௛ are weighting factors and offset for 
J, C and h respectively and the suffix ‘O’ means input value and ‘m’ means the manipulated result. 
ܬ௠ = ݓ௃ × ܬை 
ܥ௠ = ݓ஼ × ܥை 
ℎ௠ = ݓ௛ ± ℎை 
For the pilot test, lightness, chroma and hue are controlled selectively. The weight for lightness 
control was from 0.8 to 1.2 with 0.1 intervals and the weight for chroma control was from 0.6 to 
1.4 with 0.2 intervals. Hue change had 6 offset values from -15° to 15° with 5°intervals.  
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Figure 3-18 Method for image manipulation 
In the pilot test, images for which each component was controlled separately were used, whereas 
for the main experiment, images manipulated in two or three axes as well as the images separately 
controlled were used. As the result, the image set for the pilot test had 195 images including 13 
reference images and the image set for main experiment had 2100 test images including 12 
reference images. For convenience, 816 images were primarily selected among 1920 test images 
for which two and three components were controlled at the same time. In total, 996 test images 
including 180 selective controlled images were prepared. For phase 1 – 4, 500 stimuli were 
prepared to collect answers per phase. The 500 stimuli consisted of 180 images with selectively 
controlled hue, chroma, or lightness (Single) and 320 images with two variable among hue, chroma, 
and lightness controlled (Multi). 320 stimuli were composed with 160 images conjugated two 
variables and 160 images combined three variables. They were selected among 816 conjugated 
images. 180 single images were shown for every phase from phase 1 to phase 4. For the short-term 
repeatability test 15 stimuli among 500 stimuli for Phase 1 were shown in Phase 1 and 20 stimuli 
among 500 stimuli for Phase 1 were randomly chosen and were shown in Phase 2 to Phase 4 for 
long-term repeatability. 
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Reference pair of magnitude estimation for each phase and pilot test is shown in Figure 3-19 with 
average colour difference ΔE*ab and ΔJ, ΔC, and Δh. In particular, for the main experiment, a 
reference pair having similar difference was selected. In terms of CIELAB ∆ܧ௔௕∗ , the average of 
colour differences is 5.07 ∆ܧ௔௕∗  (min ∆ܧ௔௕∗  = 0.88, max ∆ܧ௔௕∗  = 13.75) for the pilot test and 
10.56 ∆ܧ௔௕∗  (min ∆ܧ௔௕∗  = 0.57, max ∆ܧ௔௕∗  = 27.07) for the main experiment. 
When lightness was manipulated and others are fixed in CIECAM02, the average difference for 
chroma and hue were 0.42 and 1.72 for image set of pilot test and 0.39 and 1.09 for image set of 
main test. The mean of lightness and hue difference in CIECAM02 were 0.14 and 3.66 for image 
set for pilot test and 0.08 and 1.43 for image set of main experiment while the chroma was 
controlled. The lightness and chroma difference in CIECAM02 were 0.13 and 0.36 for pilot test 
and 0.04 and 0.27 for main experiment while the hue was only controlled. It means that the 
manipulation of each component did not affect other colour component. 
 
Figure 3-19 Reference pair for each phase and pilot test. The reference pairs were prepared 
having similar color difference from phase 1 to phase 4.  
 
3.7 Psychophysical Experiment 
 Subject 
Subjects were recruited for the pilot test and main experiment separately.  
For the pilot test: 20 subjects (Male: 10, Female: 10) with an average of 24 years old (range from 
21 to 33) participated in the experiment. They were undergraduate and graduate students of UNIST. 
They major in various field and they never have experience about this kind of experiment. They 
passed the colour blindness test, Ishihara test, and Farnsworth-Munsell 100 Hue test, and they were 
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asked to train with the Farnsworth-Munsell 100 Hue test and the training set that was not used for 
the main experiment for 30 minutes. 
For the main experiment, Phase 1-4: 23 subjects (Male: 11, Female: 12) with an average of 22 years 
old (range from 20 to 27) who did not participate in the pilot test and were naïve subjects in this 
kind of experiment took part in the 4 phase experiments. They were recruited in UNIST and they 
were undergraduate and graduate students majoring in various field. They passed the colour 
blindness test. They were required to practice the procedure for the experiment with 20 stimuli that 
were not used for the main experiment and were trained using Hue Value/Chroma Chart in The 
New Munsell Student Colour set 2nd edition. It helps to understand the definition of chroma, hue, 
and lightness and the scale of lightness. The training time took for an hour. 
 Method for Experiment 
The data for perceptual image colour difference was collected using the magnitude estimation 
method. A stimulus consisted of a pair of original and manipulated images. Figure 3-20 shows a 
example for the experiment. The reference pair was shown first and the perceptual colour difference 
is assigned as 80 and then rest of test stimuli was assessed compared to the assigned color difference 
of reference pair. 
 
Figure 3-20 Example of procedure for the experiment 
The stimuli for the pilot test and main experiment were randomly given.  
For the pilot test, 480 answers (195 images + 45 images (3 repetition sets) x 2 trials) were collected 
for each participant. 9,600 responses were collected for the pilot test. For phase 1 to phase 4, 2,075 
responses (500 stimuli x 4 phases + 20 repeatable images x 3 phases + 15 repeatable images for 
phase 1) per participant were accumulated. 47,725 visual assessment data were collected and used 
for investigating the effect of surround luminance on perceived image difference. 
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3.7.2.1 Steps for experiment 
Pilot test: The experimental procedure for the pilot test is depicted in Figure 3-21. The experiment 
has two sessions, Session 1 and 2. Session 2 is the repeat of session 1. First, subjects underwent a 
training session for 30 minutes. After a week they were asked to perform session 1. Before 
beginning, they had 3 minutes for dark adaptation in the training session. Then, the reference pair 
is assigned 80 as the criteria. They evaluated image difference for 240 stimuli including 45 repeated 
images. The mid-grey screen was shown between two stimuli to prevent afterimage of previous 
image. Session 2 was carried out after a week with the same procedure. First, the participants 
adapted to the dark room for about 3 minutes. They took training sessions during the adaptation 
time to remind themselves of the method of the experiment. They assessed the image colour 
difference of 240 stimuli compared to the reference pair. 40 minutes to 1 hour was required for 
each session. 
 
 
Figure 3-21 Process for pilot test. 195 stimuli was prepared and they were shown twice, session 
1 and session 2. It took two weeks to finish Phase 1. 
 
Phase 1 – 4 : phase 1 precedes phase 2 to 4. First, subjects undergo training sessions for an hour. 
After a week, phase 1 is conducted. The procedure for phase 1 is as follows. Subjects adapt to a 
dark room for a minute. Then, the reference pair was assigned the value 60 to evaluate 500 
randomized stimuli for image colour difference. After that, the reference pair was shown again to 
memorize the difference before showing 15 stimuli repeatedly. A Black-White screen was used 
between two stimuli. The background was black and two white patches were given where the 
original and test images were shown. To help jog subjects’ memory about the reference pair, it was 
shown after every 100 stimuli. After a week, one of Phase 2 to Phase 4 was conducted. 
Phase 2 to Phase 4 were carried out randomly to avoid learning effect about surround luminance. 
Before starting the experiment, subjects adapted to the dark room for a minute. Then, the reference 
pair for phase 1 was shown. They were asked to evaluate 20 stimuli among the 500 stimuli for 
phase 1. After that, reference pair for phase 1 was given again and they were requested to memorize 
the magnitude of reference pair’s colour difference of phase 1. Black-White screen was given while 
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the light turned on and subjects adapted to the light for a minute. After adaptation time new 
reference pair for each phase was given. They assessed the colour difference of new reference pair 
compared to the reference pair for phase 1. The new reference pair was shown for every 100 stimuli 
assessment. The reason why a Black-White screen was given between two stimuli is to provide 
reference white with monitor peak white and not surround luminance since human visual system 
is sensitive to reference white when judging colour. In addition, reference white is the key to 
calculate colour difference such as CIE ΔE*ab, ΔE*uv, CIEDE2000, and CMC(l:c). That is why 
reference white was fixed as the monitor peak white when the surround condition changes. 
Observers adapted to monitor peak white at each moment to assess the image difference for a given 
Black-White screen. 
The collected data, 15 additional stimuli for phase 1 were used for short-term repeatability and 20 
stimuli for each of the rest of the phases were compared to the collected data for phase 1 for long-
term repeatability. 
The process for phase 1 to 4 is described in Figure 3-22 as an example. To finish Phase 1 – 4, it 
took about four weeks since subjects were asked to visit the laboratory once a week to prevent 
learning effect and to test long-term repeatability. 
 
 
Figure 3-22 The process for phase 1 to phase 4. The order of 3 phases is counter-balanced 
irregular after finishing phase 1. Each phase gave 515-520 stimuli to observers. Each phase 
has different surround condition, Dark, Dim, Average and Bright 
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Further, subjects were also asked to sufficiently rest before the experiment. All participants for the 
pilot test and phase 1 – 4 signed the IRB consent agreement form (UNISTIRB-13-004-A). When 
subjects felt tired, 5 minutes of rest time was allowed. After the rest time they were asked to repeat 
the process for the adaptation. There is no time limit to evaluate each stimulus and the mid-grey or 
Black-White screen stayed for a second. 
 
3.8 Method for data analysis 
The relation between the perceived and predicted colour difference was evaluated using three tools, 
coefficient of determination (R2 or r2), coefficient of variation (CV), and standardized residual sum 
of squares (STRESS). They are often used to assess the performance of colour difference equations.  
 Coefficient of determination (R2, r2) 
Coefficient of determination denoted as r2 or R2 is the means of the validity test of the linear 
regression model. It ranges from 0 to 1, 1 indicates that the regression model fits perfectly to the 
data while 0 means that it cannot predict the data anymore. In other words, coefficient of 
determination supports suitability of regression model to predict the observed data. It also has been 
used to test the performance of specific mathematical models. The coefficient of determination can 
be calculated using SSE (error sum of squares), SSR (regression sum of squares), and SST (total 
sum of squares). Variability of the regression model measures the difference between observed and 
predicted data, and observed and average of data : 
SST = SSE + SSR 
SSE = 	෍(ݕ௜ − ݕపෝ)ଶ 
SSR = 	෍(ݕపෝ − ݕ)ଶ 
ݎଶ = ܴܵܵܵܵܶ 
where ݕ௜ is the observed data, ݕపෝ  is the predicted data by regression model, and ݕ is the average 
value of the observed data.  
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In this research, it is used for the test of performance of the colour difference equation such as 
CMC(l:c), CIEDE2000, and CIE ΔE*ab against visual assessment data. Further, the performance 
test for surround-adaptive image colour difference metric uses coefficient of determination.  
 
 Coefficient of Variation (CV) 
Coefficient of variation is defined as the standard deviation over the mean value of data. When two 
difference scales of data need to be compared with each other or when there are big differences 
between the mean values of two data sets, it is useful to evaluate the distribution. It could be a 
reason why CV is used to minimize the scaling problem by normalization with mean value. The 
type of data should be ratio scale and non-negative values. 
CV = 	ߪߤ =
100ඥ∑( ௜ܺ − ܺ)തതതଶ/ܰ
തܺ  
where ߪ is the standard deviation and ߤ is the mean of the data set. It would be zero for a perfect 
match and would become larger for worse cases. CV does not belong to any scale to express number. 
Thus, it is dimensionless number and it is useful when two data sets having different units need to 
be compared to each other. It is usually indicated by a percentage by multiplying with 100. C.Alder 
et al. have suggested a method for evaluating the performance test of colour difference equations 
using CV (Alder et al., 1982). CIE Technical Report 199:2011(CIE, 2011) also used CV to compare 
the performance of colour difference equations from previous studies. In this study, CV has been 
used for the comparison of colour difference equation performance. 
 Standardized Residual Sum of Squares (STRESS) 
STRESS is one of the methods for measuring goodness-of-fit. It was proposed to complement the 
problem of CV that it cannot provide the statistical significance of results. STRESS can indicate 
the significance with F-test. It is designed to measure the distance between one measured colour 
difference and visual representation, and the other measured colour difference and the same visual 
representation as loss function. It was first suggested by Kruskal (Kruskal, 1964) at first and Garcia 
et al (Garcia, Huertas, Melgosa, & Cui, 2007) proposed the method for significance by STRESS. 
STRESS is defined as follows :  
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ܴܵܶܧܵܵ = ඨ∑(∆ܧ௜ − ܨଵ∆ ௜ܸ)
ଶ
∑ܨଵଶ ∆ ௜ܸଶ
 
ݓℎ݁ݎ݁	ܨଵ =
∑∆ܧ௜ଶ
∑ܧ௜∆ ௜ܸ 
There are two alternative definitions of STRESS that lead to the same results as the definition of 
STRESS 
 
ܴܵܶܧܵܵ = ඨ∑(ܨଶ∆ܧ௜ − ∆ ௜ܸ)
ଶ
∑∆ ௜ܸଶ
 
ݓℎ݁ݎ݁	ܨଶ =
∑ܧ௜∆ ௜ܸ
∑ ∆ܧ௜ଶ
= 1ܨଵ 
 
ܴܵܶܧܵܵ = ඨ∑(∆ܧ௜ − ܨଷ∆ ௜ܸ)
ଶ
∑∆ܧ௜ଶ
 
ݓℎ݁ݎ݁	ܨଷ =
∑∆ܧ௜∆ ௜ܸ
∑ ∆ ௜ܸଶ
 
Where ∆ܧ௜ is the predicted colour difference and ∆ ௜ܸ is the experimental data. STRESS values 
can be calculated using one of ܨ௜(݅ = 1,3). ܨଶ  is equal to the scaling correction term of the 
residual error variances. When the number of samples is enough, the sum of squares of the 
difference between two variables will be distributed as a chi-squared variable. Then, the residual 
error variance between predicted colour difference and visual assessment data can be calculated as 
follows:  
஺ܸ =
∑(∆ ௜ܸ −	ܽ஺∆ܧ஺,௜)ଶ
(ܰ − 1)  
ݓℎ݁ݎ݁	ܽ஺ =
∑∆ܧ஺,௜∆ ௜ܸ
∑(∆ܧ஺,௜)ଶ  
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N is the number of samples and ∆ ௜ܸ  indicates visual assessment data and ∆ܧ஺,௜  is predicted 
colour difference by a colour difference equation. If you want to decide which colour difference 
equation have significantly better performance, the ratio of ெܸ(ܯ = ܣ, ܤ) as F value show the 
result with ܨ஼, the critical value of the two-tailed F distribution. ܨ஼ can be found from statistical 
textbooks with degrees of freedom (N-1, N-1) and confidence level. The results can be interpreted 
with five categories as follows: 
• The color-difference formula A is significantly better than B when F<ܨ஼ 
• The color-difference formula A is significantly poorer than B when F >1/ܨ஼ 
• The color-difference formula A is insignificantly better than B when ܨ஼ ≤F<1 
• The color-difference formula A is insignificantly poorer than B when 1<F≤1/ܨ஼ 
• The color-difference formula A is equal to B when F = 1 
The ratio of two ெܸ	values is equal to the ratio of two ܴܵܶܧܵܵெଶ  values when ܽெ is identical to 
ܨଶ. 
ܨ = 	 ஺ܸ
஻ܸ
= ∑(∆ ௜ܸ − ܽ஺∆ܧ஺,௜)
ଶ
∑(∆ ௜ܸ − ܽ஻∆ܧ஻,௜)ଶ =
∑(ܨଶ∆ܧ஺,௜ − ∆ ௜ܸ)ଶ
∑(ܨଶ∆ܧ஻,௜ − ∆ ௜ܸ)ଶ =
ܴܵܶܧܵ ஺ܵଶ
ܴܵܶܧܵܵ஻ଶ
 
STRESS ranges from 0 to 1 and 0 indicates a perfect match between predicted colour difference 
and experimental data. 1 means absolutely different results. STRESS is not affected by scaling 
factors.  
In this study, STRESS was used for prediction performance tests of conventional colour difference 
metric and new colour difference metrics with supposed surround conditions. 
 
 Small and Large color difference magnitude 
Images for this study include small and large colour differences. The image set for the pilot test 
was used for investigating the effect of colour difference magnitude on the performance of the 
colour difference equation. In terms of CIELAB ∆ܧ௔௕∗ , the images were categorized into two 
groups, S-CD (∆ܧ௔௕∗  < 5) and L-CD (∆ܧ௔௕∗ 	≥ 5) based on the previous studies (Guan & Luo, 
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1999; Xin, Lam, & Luo, 2001). The performance of the colour difference equations was examined 
for each group and all the images.  
3.9 Summary 
In this chapter, the experimental setting for the pilot test and phase 1 to 4 was presented.  
Monitor and lighting system characterization preceded the experiments. The used monitor’s gamut 
was similar to the sRGB gamut and the average gamma of red, green, blue, and grey channels was 
about 2.2. Using the developed characterized model for the monitor, the test images were 
manipulated. The lighting system was characterized and the stability and repeatability for the 
maximum input value of the customized program were tested. Based on the characterization models, 
four surround luminance levels for phase 1 to phase 4 were chosen. They had 0, 0.19, 0.42, and 
1.12 SR values. The manipulated images were used for the pilot and main experiment. The visual 
assessment data was collected using the magnitude estimation method. The collected visual 
assessment data was used to test the performance of the colour difference equations, CIE ΔE*ab, 
CMC(l:c), and CIEDE2000 and to determine the surround-adaptive colour difference metric. The 
predicted colour difference by each colour difference equation and the performance of the 
suggested new model were compared with the visual assessment data for several performance test 
indices, R2, CV, and STRESS. 
The summary for each experiment is shown in Table 3-4. 
Table 3-4 Summary for pilot and main experiment 
 Manipulated attributes 
Surround 
Luminance
(cd/m², D65)
Images Observers Estimation Psychophysical experiment 
Pilot J, C, h 0 240 20 9600 
Magnitude 
Estimation 
Phase 1 
J, C, h, 
JxC, Jxh, hxC, 
JxCxh 
0 
(dark) 515 23 11845 
Phase 2 
J, C, h, 
JxC, Jxh, hxC, 
JxCxh 
50 
(dim) 520 23 11960 
Phase 3 
J, C, h, 
JxC, Jxh, hxC, 
JxCxh 
105 
(average) 520 23 11960 
Phase 4 
J, C, h, 
JxC, Jxh, hxC, 
JxCxh 
280 
(bright) 520 23 11960 
 
 88 
 
 
 
 
 
 
 
 
 
 
 
 
THIS PAGE INTENTIONALLY LEFT BLANK 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Observer Performances 
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4.1 Introduction 
In this chapter, reproducibility and repeatability of the observers’ responses were tested. 
Reproducibility means the ability of the entire experiment to be reproduced. In this study, 
correlation coefficient between the average responses and each subject’s responses was used to 
remove the outliers of the reproducibility test. Repeatability measures the consistency of the 
responses during the whole experiment. The repeatability test was tested with short-term and long-
term repeatability. Short-term repeatability was tested using data assessed twice in the same session 
in dark conditions for the repeated responses’ consistency. Long-term repeatability used the test 
result for two stimuli shown in two sessions for the entire experiment’s consistency.  
4.2 Observer performance in pilot test 
The outliers among the observers were screened first by calculating the reproducibility i.e. 
correlation coefficient value between the average responses and each subject’s responses. As shown 
in Figure 4-1, two participants, P19 and P20, had relatively lower correlation coefficients than the 
others. As a result, data from 18 observers were used for the further analysis. 
 
Figure 4-1 Correlation coefficient values between average date and each subject’s response 
The observers’ repeatability was tested using the repeated data in the same session (short-term). 
Figure 4-2 (a) represents short-term repeatability. . In Figure 4-2 (a), the horizontal and vertical 
axes represent the each repeated image’s average response for the first and the second trial 
respectively. The pilot test has two sessions for which the procedure and stimuli were the same but 
the given order was different between the sessions. The correlation coefficient between two trials 
can be calculated in the first session and second sessions. The correlation coefficient is 0.9547 and 
0.9361 for the 1st and 2nd session, respectively. The long-term repeatability between two sessions 
indicates how the observers answered the image difference consistently during the experiment. The 
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repeatability can be calculated with repetitive sessions. Figure 4-2 (b) depicts long-term 
repeatability. In Figure 4-2 (b), the horizontal and vertical axes represent the each image’s average 
response of the first and the second session respectively. The correlation coefficient is 0.8798. 
 (a) (b) 
Figure 4-2 Repeatability test result (a) short-term repeatability (b) long-term repeatability 
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4.3 Observer performance in main experiment 
In the main experiment, the correlation between the geometric mean of each phase and each 
observer’s assessment data was calculated first to exclude the outliers. Since the multi-components 
controlled images were randomly chosen, it was difficult to calculate the correlation coefficient 
between the average and each observer’s assessment data. The single-component controlled images 
were used for the repeatability test including the outlier test. 
Figure 4-3 shows the correlation coefficient for each phase. Figure 4-3 (a) depicts the correlation 
coefficient for dark condition. Since phase 1 (dark) was conducted first among the 4 phases and it 
did not involve screening all stimuli before the experiment, some participants had difficulties in 
determining their own scales by comparison with other phases. P2, P18, and P23 have relatively 
lower correlation coefficient than others with 0.4779, 0.4374, and 0.3551, respectively. The 
criterion for the outlier is determined as the correlation coefficient is lower than 0.5. The outliers 
in phase 1 were excluded for further analysis such as short-term and long-term repeatability test. 
Twenty-one participants’ assessment data were used for further analysis of observers’ performances. 
In phase 2 (dim), P19 has the lowest correlation coefficient with 0.3138. Twenty-two observers 
were used for further analysis. In average (phase 3) and bright (phase 4) conditions there are no 
outliers; however, P5’s data is missing since the observer gave up the experiment mid-way. Because 
participants were informed in advance that they could give up the experiment whenever they 
wished, the subject P5 did not continue the experiment for average and bright conditions. Even 
though the session order among phase 2 to 4 was random for every subject, the subjects seem to 
face difficulties in assessing image colour difference in dim conditions with lower correlation 
coefficient than other phases.  
For the further analysis 22 participants’ assessment data for dim, average and bright conditions 
were used.  
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Figure 4-3 Correlation coefficient between geometric mean and each observer’s assessment 
data (a) dark, (b) dim, (c) average, (d) bright 
 
 Short-term repeatability 
The repeated data for the short-term repeatability test was collected during phase 1(dark). The 
repetitive data shown for the second, second trial, was compared to the data shown for the first, 
first trial, as shown in Figure 4-4. Fifteen were randomly selected among the 996 stimuli shown in 
phase 1. Then, the arithmetic mean of the repetitive data was calculated for each image. If there 
was less than two answers for one image, it was excluded from repeatability since it may have 
affected the result of the repeatability test. 62 stimuli having more than two assessment data were 
used for the repeatability test. X-axis indicates the visual assessment data for the first trial and y-
axis indicates the repeated data for the second trial in Figure 4-4. The correlation coefficient, CV, 
and STRESS were 0.7089, 28.96, and 0.2558, respectively. It means that the observers evaluate the 
stimuli consistently during a phase.  
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Figure 4-4 Short-term repeatability between first and second trials in dark condition 
 
 Long-term repeatability 
The repeated data for the long-term repeatability test was collected during four phases. The 
repetitive data in phase 2 to 4 was compared to the data from phase 1 as shown in Figure 4-5. 
Twenty stimuli were randomly selected among 500 stimuli shown in phase 1. Then, the arithmetic 
mean of the repetitive data was calculated for each image. If there was less than two answers for 
one image, it was excluded from the repeatability since it could have affected the result of the 
repeatability test. 110 stimuli having more than two assessment data were used for the repeatability 
test. X-axis indicates the visual assessment data for phase 1 and y-axis indicates the repeated data 
during the other three phases in Figure 4-5. Some of the stimuli were shown afterwards for up to 
three weeks but the correlation coefficient, CV, and STRESS were 0.6538, 31.81, and 0.2805, 
respectively. It means that the observers evaluate the stimuli consistently during the whole 
experiment.  
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Figure 4-5 Long-term repeatability test between phase 1 and those of other phases 
  
 97 
 
4.4 Summary 
In the pilot test, 2 outliers were identified through the reproducibility test and excluded from further 
research. 18 observers’ responses were used for the repeatability test. In the main experiment, 3 
outliers for phase 1 and 2 outliers for phase 2 were excluded from the visual assessment data 
through the reproducibility test; there were no outlier for phase 3 and 4. An observer gave up in 
phase 3 and 4 during the experiment. Therefore, twenty-two observers’ response for phase 3 and 4 
were used for further analysis. The short-term repeatability for the pilot test and main experiment 
has correlation coefficient, 0.94 and 0.7, respectively and the long-term repeatability during the 
entire experiment has correlation coefficient about 0.88 and 0.66. The observers’ responses have 
high correlation coefficient for further analysis. 
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5.1 Introduction 
This chapter introduces the result of the pilot test. In this chapter, the performances of colour 
difference equations are compared with each others for a new data set. The parametric factors for 
both CMC(l:c) and CIEDE2000 are optimized with a new data set.  
 
5.2 Performance test for colour difference equations 
The performance test for colour difference equations was carried out with one image set for the 
pilot test. The suggested parametric factors were applied to the image set irrespective of whether 
they were appropriate to calculate colour difference for complex images. It was evaluated whether 
another parametric factor was required for the image set such as large colour difference (L-CD). 
Each colour difference equation has default or recommended parametric factors, i.e., ΔE*ab(1:1), 
ΔE*ab(2:1), CMC(1:1), CMC(2:1), CMC(2:2), CIEDE2000(1:1), and CIEDE2000(2:1). The colour 
difference equations were tested for overall colour differences as the pilot test. CV, R2, and STRESS 
were used as the performance criteria. Each colour difference equation was tested with default or 
recommended parametric factors, i.e., ΔE*ab(1:1), ΔE*ab(2:1), CMC(1:1), CMC(2:1), CMC(2:2), 
and CIEDE2000(1:1), CIEDE2000(2:1).  
Figure 5-1 to Figure 5-3 the visual assessment data with the predicted colour difference. Filled 
circle indicates colour difference for chroma change, empty square is the colour difference for hue 
change, and empty triangle denotes the colour difference for lightness change. Figure 5-1 to Figure 
5-3 are the results of the colour difference prediction using ΔE*ab, CMC(l:c), and 
CIEDE2000(kL:kC:kH), respectively. The filled circles show the result for the chroma changes; the 
empty squares are the result for the hue changes; and the empty triangles represent the result for 
the lightness changes of the 13 original images. All the graphs in Figure 5-1 (a), Figure 5-2 (a), and 
Figure 5-3 (a) show a similar trend that the colour difference equation over-predict the overall 
colour difference for lightness change than predictions for chroma or hue changes. When the 
lightness parametric factors are increased for each colour difference equation, the result shows 
much more improvement rather than the result having the same ratio between parametric factors 
as shown in Figure 5-1 (b) and Figure 5-3 (b). On the other hand, in the case of CMC(l:c), the result 
of CMC(2:2) has better performance than CMC(1:1) as shown in Figure 5-2 (b) and (c). They show 
that the parametric factor for each manipulation needs to be controlled in a different direction.  
 
 102 
 
(a) (b) 
Figure 5-1 Relation between visual assessment and CIELAB ΔE*ab, filled circle indicates 
colour difference for chroma change, empty square is the colour difference for hue change 
and empty triangle denotes the colour difference for lightness change, (a) CIELAB(1:1), (b) 
CIELAB(2:1) 
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(a) (b) 
(c)  
 
Figure 5-2 Relation between visual assessment and CMC(l:c), filled circle indicates colour 
difference for chroma change, empty square is the colour difference for hue change and 
empty triangle denotes the colour difference for lightness change, (a) CMC (1:1), (b) 
CMC(2:1), (c) CMC(2:2) 
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 (a) (b) 
Figure 5-3 Relation between visual assessment and CIEDE2000, filled circle indicates colour 
difference for chroma change, empty square is the colour difference for hue change and 
empty triangle denotes the colour difference for lightness change, (a) CIEDE2000(1:1:1), (b) 
CIEDE2000(2:1:1) 
 
Table 5-1 summarizes STRESS and CV values of the tested equations. CIELAB ΔE*ab(2:1) has the 
smallest STRESS and CV values followed by CIEDE2000(2:1) confirming the previous research 
results. However, the result slightly differs from previous studies (CIE, 2011; Liu, Huang, Cui, Luo, 
& Melgosa, 2013). In the previous studies, CIEDE2000(2:1) showed the best performance 
followed by CIELAB ΔE*ab (2:1) and the CV values are a little bit larger than the previous studies. 
Since the magnitudes of colour differences in our study are broader than the previous studies, the 
performance of colour difference equations are further evaluated for small colour difference 
(ΔE*ab(1:1) < 5) and large colour difference (ΔE*ab(1:1) ≥ 5) data by dividing the data set into 
two groups. Table 5-2 and Table 5-3 show the results. The results for Total and L-CD groups was 
showed that CIELAB ∆ܧ௔௕∗  (2:1) has the best performance as it has the least value of CV and 
STRESS. On the other hand, CIEDE00(2:1) has the best performance for S-CD, Table 5-2. It should 
be noted that the performance is the same as that suggested by CIE, (CIE, 2011) for S-CD. However, 
it is difficult to conclude that it is appropriate to analyse colour difference for complex image since 
the performance has not been evaluated for larger parametric factors and the CIE consistent result 
is only for S-CD. Moreover, CIE only tested the case of lightness parametric factors, 1, 1.5, and 2. 
There are researches that studied about the performance of colour difference with larger parametric 
factors. Haoxue Liu et al. suggested CIEDE2000(2.3:1) for colour difference evaluation for digital 
 105 
 
images (Liu, et al., 2013). Thus, the parametric factors including lightness, chroma, and hue 
parametric factors, which are appropriate to evaluate colour difference for image sets having large 
and small colour difference, need to be investigated. 
 Table 5-1 Performance of colour difference equation for total colour difference 
 
CIELAB 
ΔE*ab 
(1:1) 
CIELAB 
ΔE*ab 
(2:1) 
CMC 
(1:1) 
CMC 
(2:1) 
CMC 
(2:2) 
CIEDE2000 
(1:1) 
CIEDE2000
(2:1) 
R2 0.1826 0.5412 0.2864 0.3811 0.4385 0.0606 0.4580 
CV 58.18 38.17 63.88 65.89 45.59 66.99 38.46 
STRESS 0.5048 0.3382 0.5135 0.5053 0.3948 0.5775 0.3550 
Table 5-2 Performance of colour difference equation for small colour difference 
 
CIELAB 
ΔE*ab 
(1:1) 
CIELAB 
ΔE*ab 
(2:1) 
CMC 
(1:1) 
CMC 
(2:1) 
CMC 
(2:2) 
CIEDE2000 
(1:1) 
CIEDE2000 
(2:1) 
R2 0.2160 0.4905 0.1041 0.1917 0.3983 0.1955 0.5160 
CV 46.81 36.34 59.25 56.05 39.36 48.09 35.38 
STRESS 0.4356 0.3385 0.5250 0.4908 0.3687 0.4460 0.3297 
Table 5-3 Performance of colour difference equation for large colour difference 
 
CIELAB 
ΔE*ab 
(1:1) 
CIELAB 
ΔE*ab 
(2:1) 
CMC 
(1:1) 
CMC 
(2:1) 
CMC 
(2:2) 
CIEDE2000 
(1:1) 
CIEDE2000
(2:1) 
R2 0.0166 0.5668 0.2632 0.4078 0.4107 0.0591 0.2861 
CV 48.34 29.93 45.51 51.68 36.86 63.40 37.43 
STRESS 0.4656 0.2822 0.4120 0.4295 0.3410 0.5919 0.3623 
 
 
5.3 Parametric Factors Optimization for CMC(l:c) and CIEDE2000 
The parametric factors, l and c, of CMC(l:c) and kL and kC, of CIEDE2000 (kL: kC) were optimized 
to result in minimum STRESS values between the predicted and the visual data. Since CIELAB 
has the problem of non-uniformity for the blue region, it is not included in the optimization. The 
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simple optimization process is conducted such that STRESS values are calculated using various l 
and c or kL and kC combinations and then the l and c or kL and kC, combination showing the 
minimum STRESS value is selected as the optimized parameters. 
 
 Optimization result for CMC(l:c) and CIEDE2000 
CMC l and c were controlled to have values between 0.1 and 5.0 with a 0.1 interval. Then, all the 
possible l and c combinations were used to predict the colour differences and compared with the 
visual data to calculate STRESS values. The test result is shown in Figure 5-4 (a) where horizontal 
and vertical axes represent l and c values, respectively, and each contour represents the same 
STRESS values. The STRESS value difference between adjacent contours is 0.01. Figure 5-4 (a) 
indicates that colour changes, i.e., STRESS value changes are more significant along the horizontal 
direction meaning that l value changes affect the colour difference equation performance more 
significantly than the c value does. In addition, the best performance (minimum STRESS value) 
can be obtained when l and c values are within the specific ranges.  
Since l and c values were changed with 0.1 intervals for the calculation, a second test was conducted 
with a smaller interval of parametric factors—0.01 to increase the accuracy of optimal l and c 
values. The additional test was conducted for the range from 3.7 to 3.9 and from 3.1 to 3.3 for l and 
c, respectively. 
Table 5-4 summarizes the result. The performance difference between the first test and additional 
tests was marginal. The optimal l and c values for CMC(l:c) are 3.83 and 3.19 and the minimum 
STRESS value is 0.3340 and there is little difference between the first and additional optimization. 
Figure 5-5 (a) shows the performance of the CMC(3.83:3.19). Compared with CMC(1:1) or 
CMC(2:2) in Figure 5-2 (a) and (c), CMC(3.83:3.19) shows much improved performance 
indicating that hue difference is more easily detected by the observers when complex images were 
shown. 
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 (a) (b) 
Figure 5-4 The result of performance test of each colour difference equation, (a) the result of 
CMC(l:c), (b) the result of CIEDE2000, the colour on each figure indicates the change of 
STRESS by applying different parametric factors. If the colour is saturated the combination 
of parametric factors has better performance 
 
Table 5-4 The result of performance test for CMC(l:c) with various parametric factors 
conditions 
 
CMC  
(First test with 0.1 interval)
CMC  
(Second test with 0.01 interval) 
CMC (integer input) 
l c l c l c 
3.8 3.2 3.83 3.19 4 3 
STRESS 0.3340 0.3340 0.3355 
CV 37.78 37.78 38.26 
The parametric factors, kL and kC, of CIEDE2000 (kL:kC) were optimized using the same method 
used for CMC(l:c). Figure 5-4 (b) shows the test result, which has a similar trend with test results 
for CMC(l:c). The minimum STRESS value is located when kL ranges from 3 to 4 and kC ranges 
from 0.7 to 1.0. An additional test with a smaller interval was also conducted but the performance 
improvement was marginal. Table 5-5 summarizes the result that show the better performance than 
the optimized CMC model, CMC(3.83 : 3.19). The optimal parametric values for CIEDE2000 are 
3.52 and 0.83 for kL and kC respectively. Figure 5-5 (b) shows the performance test result. 
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Table 5-5 The result of performance test for CIEDE2000 with various paremetric factors 
conditions 
 CIEDE2000 
(First test with 0.1 interval) 
CIEDE2000  
(Second test with 0.01 interval) 
CIEDE2000  
(integer input) 
 kL kC kH kL kC kH kL kC kH
 3.5 0.8 1.0 3.52 0.83 1.0 4 1 1 
STRESS 0.2662 0.2658 0.2780 
CV 29.56 29.43 30.71 
 
Table 5-4 and Table 5-5 show the common conclusion that the lightness parametric factor needs to 
be higher than the previously found parametric factor, 2. This means that lightness change is less 
sensitive to the observers for the complex pictorial image comparisons. 
(a) (b) 
Figure 5-5 Relation between visual assessment and optimized result for (a) CMC(l:c) and (b) 
CIEDE2000, filled circle indicates colour difference for chroma change, empty square is the 
colour difference for hue change and empty triangle denotes the colour difference for 
lightness change  
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 Statistical Significance of the Optimized Parametric Factors 
When the decimal place is increased, the performance of CMC does not improve, whereas the 
performance of CIEDE2000 improves slightly. STRESS and CV values exhibiting best 
performances are summarized in Table 5-4 and Table 5-5. The result of the integer input shows that 
it has poorer result than that of rational number but the difference is insignificant. The result for 
each case is compared with those of the others using the F-test. STRESS makes it possible to 
perform statistical analysis with the critical value of two-tailed F distribution. It is summarized in 
Table 5-6. When the F-value is calculated with 95% confidence interval and 181 degree of freedom, 
F(0.975;181;181), since 182 manipulated images were used for pilot test, Fc is 1.3395 and 1/Fc is 
0.7465. When two STRESS values are compared with F-value, the result is significant when the 
resultant F-value is larger than Fc or smaller than 1/Fc and vice versa. In Table 5-6, bold characters 
indicate statistically significant results. When the bold value is lower than 1, it means that the row 
of the table is more significant than the column number and it is indicated by a bright grey cell. On 
the contrary, the column number is more significant than the row of the table when the bold value 
is larger than 1 and it is indicated by a dark grey cell. The parameter factors having decimal point 
such as CMC(3.8:3.2) and CIEDE2000(3.5:0.8) have insignificantly better performance than 
integer parameter factors like CMC(4:3) and CIEDE2000(4:1). However, it should be noted that 
CIEDE2000(4:1) or CIEDE2000(3.5:0.8) is statistically significant than CIELAB ΔE*ab(2:1), 
CMC(3.8:3.2) or CMC(4:3) for total colour difference of the pilot test. When each group of colour 
difference magnitude has the same procedure for statistical significance test, the results are slightly 
different from that of the total image set. Table 5-7 and Table 5-8 summarize the result. The bold 
character means the statistical significance. When F-value is calculated with 95% confidence 
interval and 110 degree of freedom for S-CD and 72 degree of freedom for L-CD, Fc is 1.4585 and 
1/Fc is 0.6856 for F(0.975;109;109) and Fc is 1.5983 and 1/Fc is 0.6256 for F(0.975;71;71). For S-
CD CIELAB ΔE*ab(2:1) has the best performance in every cases but CIEDE2000(3.5:0.8) has the 
best performance in every cases for L-CD. Since the result for CIEDE2000(3.5:0.8) has 
insignificantly better in the total image set, CIEDE2000(3.5:0.8) is appropriate for use rather than 
CIEDE2000(4:1) and CIEDE2000(2:1). The result is illustrated in Figure 5-5. Figure 5-5 (a) and 
visual assessment that has the best performance for CMC(l:c) and Figure 5-5 (b) indicates the 
performance of CIEDE2000(3.52:0.83:1). All types of manipulation has direct ratio with visual 
assessment data. It means that human vision is less sensitive to lightness change than others such 
as chroma and hue change and the chroma change is slightly more sensitive to hue change. 
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Table 5-6 Summary for Statistical significant test with F-value for Total image set 
F(0.975;181;181)
=1.3395 
(p<0.025) 
CIELAB 
ΔE*ab CMC CIEDE2000 
(1:1) (2:1) (1:1) (2:1) (2:2) (3.8:3.2) (4:3) (1:1) (2:1) (3.5:0.8) (4:1) 
CIELAB 
ΔE*ab 
(1:1) 1.0000 0.4489 1.0350 1.0022 0.6118 0.4418 0.4380 1.3090 0.4947 0.2781 0.3034 
(2:1) 2.2275 1.0000 2.3055 2.2324 1.3628 0.9842 0.9756 2.9159 1.1019 0.6194 0.6757 
CMC 
(1:1) 0.9662 0.4337 1.0000 0.9683 0.5911 0.4269 0.4232 1.2648 0.4779 0.2687 0.2931 
(2:1) 0.9978 0.4480 1.0328 1.0000 0.6105 0.4409 0.4370 1.3062 0.4936 0.2775 0.3027 
(2:2) 1.6345 0.7338 1.6917 1.6380 1.0000 0.7221 0.7159 2.1396 0.8085 0.4545 0.4958 
(3.8:3.2) 2.2634 1.0161 2.3426 2.2683 1.3848 1.0000 0.9913 2.9629 1.1196 0.6294 0.6866 
(4:3) 2.2833 1.0250 2.3632 2.2882 1.3969 1.0088 1.0000 2.9889 1.1294 0.6349 0.6926 
CIEDE 
2000 
(1:1) 0.7639 0.3429 0.7907 0.7656 0.4674 0.3375 0.3346 1.0000 0.3779 0.2124 0.2317 
(2:1) 2.0216 0.9075 2.0924 2.0260 1.2368 0.8932 0.8854 2.6463 1.0000 0.5622 0.6132 
(3.5:0.8) 3.5961 1.6144 3.7220 3.6039 2.2001 1.5888 1.5750 4.7075 1.7789 1.0000 1.0909 
(4:1) 3.2965 1.4799 3.4119 3.3037 2.0168 1.4564 1.4438 4.3153 1.6307 0.9167 1.0000 
 
Table 5-7 Summary for Statistical significant test with F-value for S-CD set 
F(0.975;109;109)
=1.4585 
(p<0.025) 
CIELAB 
ΔE*ab CMC CIEDE2000 
(1:1) (2:1) (1:1) (2:1) (2:2) (3.8:3.2) (4:3) (1:1) (2:1) (3.5:0.8) (4:1)
CIELAB 
ΔE*ab 
(1:1) 1.0000 0.6037 1.4523 1.2694 0.7163 0.6430 0.6205 1.0482 0.5729 0.4978 0.5080
(2:1) 1.6563 1.0000 2.4055 2.1025 1.1864 1.0650 1.0278 1.7361 0.9489 0.8245 0.8414
CMC 
(1:1) 0.6886 0.4157 1.0000 0.8740 0.4932 0.4427 0.4273 0.7217 0.3945 0.3428 0.3498
(2:1) 0.7878 0.4756 1.1441 1.0000 0.5643 0.5065 0.4889 0.8258 0.4513 0.3921 0.4002
(2:2) 1.3961 0.8429 2.0276 1.7722 1.0000 0.8977 0.8663 1.4634 0.7998 0.6950 0.7092
(3.8:3.2) 1.5553 0.9390 2.2587 1.9742 1.1140 1.0000 0.9651 1.6302 0.8910 0.7742 0.7901
(4:3) 1.6115 0.9729 2.3403 2.0456 1.1543 1.0361 1.0000 1.6891 0.9232 0.8022 0.8186
CIEDE 
2000 
(1:1) 0.9540 0.5760 1.3855 1.2110 0.6834 0.6134 0.5920 1.0000 0.5465 0.4749 0.4846
(2:1) 1.7456 1.0539 2.5351 2.2158 1.2503 1.1224 1.0832 1.8297 1.0000 0.8689 0.8867
(3.5:0.8) 2.0089 1.2129 2.9176 2.5501 1.4390 1.2917 1.2466 2.1057 1.1509 1.0000 1.0205
(4:1) 1.9686 1.1885 2.8589 2.4988 1.4100 1.2657 1.2216 2.0634 1.1277 0.9799 1.0000
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Table 5-8 Summary for Statistical significant test with F-value for L-CD set 
F(0.975;71;71) 
=1.5983  
(p<0.025) 
CIELAB 
ΔE*ab CMC CIEDE2000 
(1:1) (2:1) (1:1) (2:1) (2:2) (3.8:3.2) (4:3) (1:1) (2:1) (3.5:0.8) (4:1) 
CIELAB 
ΔE*ab 
(1:1) 1.0000 0.3675 0.7828 0.8509 0.5362 0.4420 0.4525 1.6160 0.6055 0.2448 0.2831
(2:1) 2.7214 1.0000 2.1303 2.3156 1.4593 1.2029 1.2314 4.3979 1.6479 0.6662 0.7703
CMC 
(1:1) 1.2775 0.4694 1.0000 1.0870 0.6850 0.5647 0.5780 2.0645 0.7736 0.3127 0.3616
(2:1) 1.1752 0.4318 0.9200 1.0000 0.6302 0.5195 0.5318 1.8992 0.7116 0.2877 0.3327
(2:2) 1.8649 0.6853 1.4598 1.5869 1.0000 0.8244 0.8438 3.0138 1.1293 0.4565 0.5279
(3.8:3.2) 2.2623 0.8313 1.7709 1.9250 1.2131 1.0000 1.0236 3.6559 1.3699 0.5538 0.6404
(4:3) 2.2101 0.8121 1.7300 1.8805 1.1851 0.9769 1.0000 3.5715 1.3382 0.5410 0.6256
CIEDE 
2000 
(1:1) 0.6188 0.2274 0.4844 0.5265 0.3318 0.2735 0.2800 1.0000 0.3747 0.1515 0.1752
(2:1) 1.6515 0.6068 1.2927 1.4052 0.8855 0.7300 0.7472 2.6688 1.0000 0.4043 0.4674
(3.5:0.8) 4.0851 1.5011 3.1977 3.4759 2.1905 1.8057 1.8484 6.6016 2.4736 1.0000 1.1563
(4:1) 3.5329 1.2982 2.7655 3.0061 1.8944 1.5616 1.5986 5.7092 2.1393 0.8648 1.0000
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5.4 Conclusion 
A new data set of overall colour difference in images was used to find the optimal parametric 
factors of CMC(l:c) and CIEDE2000(kL:kC). The data analysis results showed that (4:3) is the best 
ratio for CMC(l:c) and (3.5:1) is the best solution for CIEDE2000(l:c). The CIEDE2000 (3.5:1) 
performs significantly better than CMC (4:3). This result matched well with the previous researches 
indicating that the lightness change is less sensitive to observers for complex pictorial image 
comparisons than for simple colour patches. However, the optimal parametric value for lightness 
found in this study is larger than that found in previous studies. Moreover, larger parametric values 
for lightness and chroma than that for hue indicates that hue difference is most easily detected by 
observers when complex images were shown. 
Note that the magnitudes of colour differences in images used for this experiment were broader 
than those in previous studies that focused on perceptual thresholds. The magnitudes of the overall 
colour differences in images must have affected the performance of the colour difference equations 
as in the cases of colour differences for uniform colour patches. When the colour differences are 
grouped as small (ΔE*ab (1:1) < 5) and large (ΔE*ab(1:1) ≥ 5) colour difference data, it was found 
that the results were not significantly different for small colour difference data between 
CIEDE2000(2:1) and CIEDE2000(3.5:1). On the other hand, there was significant performance 
difference for large colour difference data between CIEDE2000(2:1) and CIEDE2000(3.5:1). It 
implies that optimal parametric factors are affected by the magnitudes of colour difference data. 
Further intensive studies for large overall colour differences in images are required to confirm the 
current findings. Therefore, for the main experiment, more sophistically manipulated colour 
differences including combination of lightness, chroma, and hue are investigated using various 
experimental methods and experimental settings. Moreover, the effect of surround luminance is 
investigated since human vision is affected by surround condition when perceiving colour. The 
main experiment was designed in order to address the shortcomings. Since CIEDE2000 has the 
best performance the analysis for the main experiment and the development of new image colour 
difference equations will only use CIEDE2000. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Experimental result for Main 
experiment 
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6.1 Introduction 
In this chapter, the result of the main experiment will be analysed and a new model for image colour 
difference equations will be developed using the result.  
The effect of colour difference magnitude and surround luminance on perceptual colour difference 
is investigated based on the data for main experiment. The procedure for the analysis is similar to 
that of the pilot test. First, the importance of parametric factors for the calculation of image colour 
differences would be introduced. Then, the phenomenon of perception by changing colour 
difference magnitude and surround luminance would be shown. After that the parametric factors 
changes are examined by adjusting them. The new metric for surround-adaptive colour difference 
of complex image would be suggested using the optimized parametric factors. Finally, the statistical 
significant test would be introduced. Since CIEDE2000 has the best performance among colour 
difference equations, CIEDE2000 was used for the analysis. Since the calculated colour difference 
cannot directly be compared to the visual assessment data, the calculated colour difference was 
rescaled by applying a scale factor. 
 
6.2 Effect of parametric factors, kL and kC 
In the pilot test, it is shown that the performance of CIEDE2000 is the best in colour difference 
equations when the parametric factors of CIEDE2000 have different ratios among lightness, 
chroma, and hue parametric factors. The main experiment also shows similar trends as that as the 
pilot test. Figure 6-1(a) to (d) indicate the trends for dark, dim, average, and bright conditions, 
respectively. The x-axes indicate the visual assessment data for manipulated images of each 
component and y-axes indicate the rescaled CIEDE2000(1:1:1). The empty triangles indicate the 
colour difference for lightness change, the empty squares indicate the differences for hue changes 
and the filled circles denote the differences for chroma changes. The colour difference equation 
predicts lightness changes larger than the visual data as shown in Figure 6-1. When 
CIEDE2000[1:1:1] is calculated, the data is scattered in different directions depending on the type 
of the colour manipulation. In the case of lightness change they lie above the 45 degree line but the 
data point for chroma and hue manipulation images are under the 45 degree line. The trend is 
common for dark, dim, average, and bright conditions as illustrated in Figure 6-1 (a) to (d). It means 
that the parametric factors should be newly decided to consist of different values. Thus, if kH is 
fixed at 1 like the pilot test, kL should be larger than 1 and kC has to be 1 or less than 1. 
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(a) (b) 
(c) (d) 
  
Figure 6-1 Relation between visual assessment and CIEDE2000(1:1:1), filled circle indicates 
colour difference for chroma change, empty square is the colour difference for hue change 
and empty triangle denotes the colour difference for lightness change for each surround 
condition (a) dark, (b) dim, (c) average, (d) bright 
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6.3 The effect of surround condition on colour difference 
To evaluate the effect of surround conditions, the difference of visual assessment data between two 
surround conditions was compared for one another. Since every observer used the same scale to 
evaluate the colour difference as the colour difference for the reference pair of dark condition, the 
difference between the visual assessment data for same stimuli judged under two different surround 
conditions indicates the perceived colour image differences owing to surround luminance changes. 
For the comparison, 339 images shown in common for four surround conditions were selected for 
the comparison. Then, the differences between dark conditions and those of other surround 
conditions were calculated. The relation between the visual assessment data for dark conditions 
and the difference indicates the effect of surround conditions on perceptual colour differences. The 
relations were depicted in Figure 6-2. The x-axis represents the visual assessment data for the dark 
condition and the y-axis displays the difference between perceptual difference of dark and those of 
other conditions. Figure 6-2 separates the difference based on the type of manipulation since it is 
difficult to evaluate  mixed manipulation images are difficult with regard to the effect of surround 
luminance on perceived colour difference for each type of colour manipulation. Figure 6-2 shows 
the relation between (a) lightness change for dark and dim conditions, (b) chroma change for dark 
and dim conditions, (c) hue change for dark and dim conditions, (d) lightness change for dark and 
average conditions, (e) chroma change for dark and average conditions, (f) hue change for dark and 
average conditions, (g) lightness change for dark and bright conditions, (h) chroma change for dark 
and brightness conditions, and (i) hue change for dark and bright conditions. A common 
phenomenon that occurs for three surround conditions, dim, average, and bright is that the 
perceived colour difference for S-CD in dark condition is smaller than that for other surround 
conditions. On the other hand, the perceived colour difference for L-CD in dark conditions is larger 
than those for other surround conditions. As the difference between surround luminance decreases, 
the perceived colour difference between those of the surround luminance decreases. The trend is 
clearly seen when the difference between surround luminance increases. Since the lightness of 
complex image decreases due to the increment of surround luminance, it is difficult to evaluate 
colour difference for large colour difference areas while the S-CD can easily detect by increasing 
surround luminance. For S-CD, the chroma and hue change clearly have smaller values in dark 
condition than those of other surround conditions. They are in agreement with Gibson’s study 
(Gibson, Fairchild, & Wright, 2000). In this study, the case of lightness change interestingly follows 
a similar trend as that of chroma and hue changes. Therefore, the effect of surround luminance 
needs to be considered for the prediction of colour difference. 
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(a) (b) (c) 
 
(d) (e) (f) 
 
(g) (h) (i) 
 
Figure 6-2 Comparison of visual assessment data for dark and those of other surround 
condition 
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6.4 The effect of CIEDE2000[1:1:1] magnitude on colour difference 
To investigate the effect of the size of image colour difference on perceived colour difference, the 
image colour difference calculated by CIEDE2000 was compared to the perceived colour 
difference. Figure 6-3 shows the trend when CIEDE2000[1:1:1] is calculated for the image set. 
Figure 6-3 (a) to (d) indicate the relation between visual data and calculated colour difference with 
rescaled CIEDE2000[1:1:1] for dark, dim, average, and bright, respectively. X-axes present 
rescaled CIEDE2000[1:1:1] for each manipulated image’s difference and y-axes show the 
difference between visual data for each surround condition and CIEDE2000[1:1:1] applied scaling 
factor. The positive value of each graph implies that the observers assessed the colour difference to 
be larger than the predicted colour difference and the negative values represent that they assessed 
the colour difference to be smaller than the predicted colour difference. As shown in the graphs, 
observers evaluated larger for S-CD than the calculated data and this reduces as the colour 
difference increases. In other words, the calculated data under standard condition predicts much 
higher than we perceive for L-CD while the colour difference equation estimates much lower than 
our perception for S-CD. Thus, CIEDE2000(1:1:1) needs to be modified for better performance. 
Moreover, the modified CIEDE2000 seems to not only consider colour difference magnitude but 
also surround conditions, as shown in Figure 6-2. The perceived colour difference shows that it is 
greater in dark conditions than that in other surround conditions for L-CD but CIEDE2000 predicts 
colour difference for L-CD much larger than that of perceived colour difference. It means that the 
lightness parametric factor should be much greater in dark conditions than those of other surround 
conditions for L-CD to reduce the degree of predicted colour difference. Thus, there is a relation 
between colour difference magnitude and surround condition and it should be considered for the 
modified CIEDE2000. 
  
 120 
 
(a) (b) 
(c) (d) 
Figure 6-3 The effect of the size of colour difference on perception, the difference between 
visual data and rescaled CIEDE2000[1:1:1], (a) dark, (b) dim, (c) average, (d) bright 
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6.5 Optimization result of parametric factors, kL and kC 
  Optimization result by changing of surround condition 
The collected visual assessment data is used for the optimization of parametric factors for each 
surround. The method for the optimization is the same as the pilot test that lightness and chroma 
parametric factors are optimized when the hue parametric factor is fixed for the unit. The result of 
optimization is shown in Table 6-1. Table 6-1 shows a similar trend as Figure 6-2. Since visual 
assessment data under the dark condition is smaller than those for other surround conditions for L-
CD, the lightness parametric factor is greater in the dark condition than in other surround conditions. 
On the other hand, the chroma parametric factor is almost constant when the surround luminance 
increases. Thus, the level of surround luminance does not affect the chroma parametric factor 
significantly. 
 
Table 6-1 Optimized parametric factors for each surround condition  
 kL kC STRESS 
 
Dark  
(429 images) 
3.27 0.75 0.2665 
Dim 
(440 images) 
2.64 0.78 0.2801 
Average  
(479 images) 
2.52 0.79 0.2869 
Bright 
(462 images) 
2.46 0.76 0.2846 
The optimized lightness parametric factors are depicted in Figure 6-6. It seems to represent 
logarithm functions between surround luminance and the optimized parametric factors. The 
relation would be considered for the development of a new colour difference equation and it is 
described in Chapter 7. 
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Figure 6-4 The change of optimized lightness parametric factor by changing surround 
luminance 
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 Optimization result for different colour difference magnitude and 
surround conditions 
In this study, the colour difference magnitude for image set of phase 1 to 4 are categorized with 6 
groups, ΔE*ab<4, 4≤ΔE*ab<6, 6≤ΔE*ab<8, 8≤ΔE*ab<10, 10≤ΔE*ab<13, and 13≤ΔE*ab to clarify the 
effect of colour difference magnitude on the main experiment. The lightness and chroma parametric 
factors are optimized for 24 groups (6 groups x 4 surround conditions). Each group has over 60 test 
images as shown in Figure 6-5.  
 
Figure 6-5 Number of images for each colour difference group 
The parametric factors having minimum STRESS have been optimized for each group using the 
optimization tool for MATLAB. The result is shown in Table 6-2. It shows that kC increases as the 
magnitude increases. The change for lightness parametric factor is excessively larger than kC. The 
optimized lightness parametric factor increases for the ΔE*ab<4 group as the surround luminance 
increases, whereas optimized lightness parametric factor decreases for other colour difference 
groups as the surround luminance increases 
 
 
 
 124 
 
Table 6-2 Optimized parametric factors for 6 colour difference magnitude groups and 
STRESS values 
  kL kC STRESS 
 dark dim avg bri dark dim avg bri dark dim avg bri 
CD 
magnitude 
0~4 2.24 2.51 2.95 3.36 0.52 0.56 0.55 0.61 0.4351 0.3662 0.3814 0.4141
4~6 2.74 2.62 2.53 2.61 0.70 0.69 0.67 0.66 0.3503 0.3129 0.3185 0.3060
6~8 2.37 2.46 2.31 2.26 0.64 0.65 0.68 0.69 0.2804 0.2495 0.2711 0.2461
8~10 3.83 2.49 2.44 2.63 0.80 0.73 0.74 0.73 0.1926 0.2246 0.2143 0.2261
10~13 2.52 2.17 2.60 1.90 0.65 0.67 0.71 0.59 0.2303 0.2167 0.2114 0.2036
13~ 4.39 2.51 2.27 2.29 0.81 0.80 0.82 0.78 0.1507 0.1991 0.2207 0.2099
 
The trend of kL is different from that for dark conditions as shown in Figure 6-6. . kL decreases as 
the colour difference magnitude increases for SR>0 , whereas the parametric factors for the dark 
condition increases as the magnitude increases. kL increases when the surround luminance increases 
for the smallest group but it decreases as the luminance increases for the largest group. The trend 
was already shown in Figure 6-2 and comparison of visual assessment data for dark conditions and 
those of other surround conditions was shown in Figure 6-3. It showed that the perceived colour 
difference for S-CD in SR>0 condition is larger than that of dark condition while the perceived 
colour difference for L-CD in SR>0 condition is smaller than that of dark condition. In the case of 
dim condition, kL values are around 2 regardless of colour difference magnitude. However, kC 
slightly increases as the colour difference gets larger but the chroma parametric factor is not 
affected by surround luminance as shown in Figure 6-6 (b). The chroma parametric is slightly 
increased as the colour difference magnitude increases. The result of the optimization using 
STRESS value is similar to the result of the optimization using CV values but using R2 is not proper 
for the optimization since it focuses on the linearity between two variables. 
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(a) (b) 
Figure 6-6 Optimized parametric factors for each colour difference magnitude group, (a) for 
kL and (b) for kC, filled square : dark, filled triangle : dim, empty square : average, empty 
triangle : bright 
Figure 6-7 (a), (c), (e) and (g) show the result for each surround condition, dark, dim, average and 
bright condition for CIEDE2000[2:1:1] and Figure 6-7 (b), (d), (f) and (h) illustrate the relation 
between visual assessment data and CIEDE2000 result with optimized parametric factors for each 
colour difference magnitude group and each surround condition, dark, dim, average and bright 
conditions, respectively. X-axis designates averaged visual assessment data for each phase and y-
axis indicates CIEDE2000 values. The x-axis and y-axis denote visual assessment data and 
predicted data by CIEDE2000[optimized parametric factors] applied weighing factors. When the 
graph for CIEDE2000[optimized parametric factors] is compared to CIEDE2000[2:1:1] for each 
surround condition, it is observed that CIEDE2000[2:1:1] is much more scattered than 
CIEDE2000[optimized parametric factors]. In terms of L-CD such as 10≤ΔE*ab<13 and 13≤ΔE*ab, 
the result of CIEDE2000 [optimized parametric factors] inclines towards 45° rather than the result 
of CIEDE2000[2:1:1]. Thus, the result of CIEDE2000[optimized parametric factors] is generally 
less scattered by comparison with the result of CIEDE2000[2:1:1]. 
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 (a) (b) 
(c) (d) 
(e) (f) 
(Cont.) 
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(g) (h) 
  
Figure 6-7 Comparison between visual assessment data and CIEDE2000[2:1:1] for each 
colour difference magnitude group, (a) dark, (c) dim, (e) average, (g) bright and comparison 
between visual assessment data and CIEDE2000[optimized factors] for each colour difference 
magnitude group, (b) dark, (d) dim, (f) average, (h) bright  
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6.6 Summary 
In this chapter, the effect of surround conditions and colour difference magnitude on perceptual 
colour difference was investigated. The visual assessment data between dark and dim, average or 
bright condition were compared with each other.  
The comparison showed that the perceptual colour difference changes depending on the colour 
difference magnitude and surround luminance. As the surround luminance increases, the perceptual 
colour difference for small colour difference becomes larger than that for dark conditions and the 
perceptual colour difference for other surround conditions decreases for large colour difference. 
The phenomenon was shown with the optimization process. The manipulated images were 
categorized using 6 group and the parametric factors for each surround condition and colour 
difference magnitude were optimized. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
7. Modelling for surround-adaptive 
colour difference metric 
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7.1 Introduction 
In this chapter, a new colour difference equation is introduced. It is developed with the optimized 
parametric factors shown in Table 6-2 and Figure 6-6. The performance test for the new model and 
the optimized parametric factors are conducted with STRESS values. 
 
7.2 Modelling for lightness parametric factor, kL_SOO 
The effect of surround conditions and colour difference magnitudes on lightness parametric factors 
is significant and there is a relation between the two variables. Therefore, the suggested colour 
difference model should include the factors, colour difference magnitude and surround condition. 
SR and Euclidean distance among lightness, chroma and hue difference in CIEDE2000, ΔL’, ΔC’, 
and ΔH’, can be used instead of physical luminance of surround condition and ΔE*ab, respectively. 
The colour difference in CIEDE2000 can be calculated with ܥܦᇱ = 	√∆ܮᇱଶ + ∆ܥᇱଶ + ∆ܪᇱଶതതതതതതതതതതതതതതതതതതതതതതതതതതത where 
∆ܮᇱ, ∆ܥᇱ, and ∆ܪᇱ are the modified term for CIEDE2000. The reason why the average of colour 
difference is used for the modelling is that there is a possibility to calculate the colour difference 
for the pixels outside of the gamut when CD’ for each pixel is applied to the equation. By using 
average CD’ for one image unpredictable error can be prevented. In addition, applying colour 
difference for each pixel to the calculation ensue the huge amount calculation not only of 
CIEDE2000 value between the images but also of kL as well. 
As shown in Figure 6-6(a), the lightness parametric factor increases from small to large colour 
difference for dark condition and it decreases in the opposite direction for other surround conditions. 
There is a significant variation among the difference magnitudes and surround conditions. The 
change of optimized lightness parametric factors in Figure 6-4 and Figure 6-6(a) seems to be able 
to explain the relation between SR and kL with logarithm function, and CD’ and kL with 2nd 
polynomial expression. Since there is an interaction between surround condition and the colour 
difference magnitude, the model for the lightness parametric factor has not be able to develop a 
new metric with the functions of SR and CD’, respectively. The function combined two variable, 
(kL = f(CD’,SR)), is the proper equation to predict lightness parametric factors. Each coefficient in 
the function of CD’ as the 2nd polynomial expression is altered with the function of SR. The 
parameters are found using the solver function in EXCEL. The function for SR was replaced for the 
coefficient and constant of polynomial equation of CD’. The driven equation is described as 
follows : 
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݇௅ௌைை = (−0.0035 ln(ܵோ + 0.01))ܥܦᇱതതതതത
ଶ + (0.0405ܵோ − 0.1161)ܥܦᇱതതതതത + (0.1135 ln(ܵோ + 0.01) + 3.1676) 
The function of kL_Soo is depicted in Figure 7-1. 
 
 
Figure 7-1 The predicted kL by kL_soo for each surround condition and colour difference 
magnitude  
The function of lightness parametric factor can be over-predicted for larger colour difference 
magnitude in dark conditions since it is the 2nd polynomial function. Limits should be considered 
in future research with wider range of colour difference magnitude. 
 
7.3 Modelling for chroma parametric factor, kC_SOO 
In the case of chroma parametric factors, the latter is only affected by the size of the colour 
difference regardless of surround luminance as mentioned in Chapter 6. Although a change in 
chroma parametric factors has less effect among surround conditions, the range of change from 
0.5 to 0.8 as shown in Table 6-2 might be significant. Since the prediction model for chroma 
parametric factors just includes the size of colour difference as a variable, the model for kC can be 
easily developed. When the relation between CD’ and optimized kC is depicted on the figure.  
Figure 7-2, it is roughly able to predict with linear regression. By one constant and coefficient to 
predict kC can be is roughly predicted with linear regression. As one constant and coefficient is 
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used to predict kC, it can almost vary with the monotonic function. The function is shown as 
follows : 
݇஼௦௢௢ = 0.222ܥܦ′തതതതത + 0.519 
 
Figure 7-2 The relation between CD’ and kC and trend line of the relation 
 
7.4 Steps for using New Image colour difference equation, Soo’s model 
DE00SOO 
The suggested model can be calculated with following equations :  
Input 
Tristimulus values for original images   XO, YO, ZO 
Tristimulus values for manipulated images   XM, YM, ZM 
Tristimulus values for Reference white   Xn, Yn, Zn 
Surround luminance ratio     SR 
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Step 1. Calculate CIELAB L*O, a*O and b*O and L*M, a*M and b*M for each pixel 
ܮை∗ = 116݂ ൬ ைܻ௡ܻ൰ − 16 
ܽை∗ = 500[݂ ൬
ܺை
ܺ௡൰ − ݂ ൬
ைܻ
௡ܻ
൰] 
ܾை∗ = 200[݂ ൬ ைܻ௡ܻ൰ − ݂ ൬
ܼை
ܼ௡൰] 
ݓℎ݁ݎ݁	݂(ݔ) = 	ݔଵଷ															݂݋ݎ	ݔ > 0.008856 
= 7.787ݔ + 16116 						݂݋ݎ	ݔ ≤ 0.008856 
L*M, a*M and b*M can be calculated with same equations for L*O, a*O and b*O. 
Step 2. Calculate ઢࡸᇱ, ઢ࡯′, ઢࡴ′ for each pixel 
Δܮᇱ = ܮᇱெ − ܮᇱை 
Δܥ′ = ܥ′ெ − ܥ′ை 
Δܪ′ = 2ඥ(ܥᇱெܥᇱை) sin ቆ
Δℎᇱ
2 ቇ 
Δℎᇱ = ℎ′ெ − ℎ′ை 
 
L’, C’ and h’ can be transformed from CIELAB axes. 
ܮᇱ = 	 ܮ∗ 
ܽᇱ = ܽ∗(1 + ܩ) 
ܾᇱ = ܾ∗ 
ܥᇱ = ඥܽᇱଶ + ܾᇱଶ 
 135 
 
ℎᇱ = tanିଵ ቆܾ
ᇱ
ܽᇱቇ 
ݓℎ݁ݎ݁		ܩ = 0.5
ۉ
ۇ1 − ඩ ܥ௔̅௕
∗തതതതത଻
ܥ௔̅௕∗തതതതത
଻ + 25଻ی
ۊ 
Step 3. Calculate mean of colour difference, ۱۲ᇱതതതതത 
CDᇱതതതതത = 	
∑ ∑ ට(Δܮ௜,௝ᇱ )ଶ + (Δܥ௜,௝ᇱ )ଶ + (Δܪ௜,௝ᇱ )ଶெ௜ே௝
ܯ × ܰ  
where  
M and N are the number of pixels for column and row of image. 
Step 4. Calculate kL_SOO and kC_SOO 
݇௅ೄೀೀ 	= (−0.0035 ln(ܵோ + 0.01))ܥܦᇱതതതതത
ଶ + (0.0405ܵோ − 0.1161)ܥܦᇱതതതതത + (0.1135 ln(ܵோ + 0.01) + 3.1676) 
݇஼௦௢௢ = 0.222ܥܦ′തതതതത + 0.519 
Step 5. Calculate SL, SC and SH for each pixel 
ܵ௅ = 1 +
0.015(ܮᇱഥ − 50)ଶ
ඥ20 + (ܮᇱഥ − 50)ଶ
 
ܵ஼ = 1 + 0.045ܥᇱതതത 
ܵு = 1 + 0.015ܥᇱതതതܶ 
ݓℎ݁ݎ݁					ܶ = 1 − 0.17 cos൫ℎᇱഥ − 30°൯ + 0.24 cos൫3ℎᇱഥ + 6°൯ − 0.20 cos൫4ℎᇱഥ − 63°൯ 
Step 6. Calculate DE00SOO for each pixel, and Calculate overall colour difference by mean 
value 
Δܧ଴଴ೄೀೀ = ඨቆ
Δܮ′
݇௅ௌைைܵ௅
ቇ
ଶ
+ ቆ Δܥ′݇஼ௌைைܵ஼
ቇ
ଶ
+ ቆ Δܪ′݇ுܵுቇ
ଶ
+ ்ܴ
Δܥ′
݇஼ௌைைܵ஼
Δܪ′
݇ுܵு 
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where, 
்ܴ = −sin(2∆ߠ)ܴ஼ 
ݓ݅ݐℎ		∆ߠ = 30 exp ൭−ቆℎ
ᇱഥ − 275°
25 ቇ
ଶ
൱ 
ܴ஼ = 2ඨ
ܥ′ഥ ଻
ܥ′ഥ ଻ + 25଻ 
 overall color difference, Δܧ଴଴ೄೀೀതതതതതതതതതത = 
∑ ∑ ୼ாబబೄ೚೚೔,ೕ
ಾ೔ೕಿ
ெ×ே  
 
7.5 Statistical Significance test  
 Statistical Significance test for optimized result and DE00SOO 
It has been shown that for optimized parametric factors having smallest STRESS for many cases 
in Chapter 6. The data set for 4 surround conditions including dark, dim, average, and bright 
condition was categorized by colour difference magnitude and the parametric factors for each case 
were optimized for each categorized group or overall image set. However, it has not been presented 
how significant the result in contrast with the STRESS value for CIEDE2000[2:1:1], which is 
suggested by CIE for colour difference of complex images. If there is no significant difference 
between CIEDE2000[2:1:1] and CIEDE2000[optimized parametric factors], the optimization 
process does not need to be conducted. Therefore, F-test was conducted between optimized result 
for each case and CIEDE2000[2:1:1], and optimized result or CIEDE2000[2:1:1] and new model.  
In Table 7-1 to Table 7-5, the optimized result and predicted result by new model are compared to 
CIEDE2000[1:1:1] and CIEDE2000[2:1:1] for 4 surround conditions, respectively. 
[optimized:optimized] denotes that the result for both of the lightness and chroma parametric 
factors have been optimized at the same time as shown in Table 6-2 and [optimized:0.8] shows the 
result for optimization of only lightness parametric factor with fixed kC(= 0.8) as the value of kC in 
Table 6-1. If one is significantly different from another, it is marked with bold characters. When it 
is smaller than 1, it implies that the result for column one is significantly better than that for row 
one and if it is larger than 1, it implies that the result for row one is better than that for column one.  
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CIEDE2000[1:1:1] is significantly worse than that of other parametric factors. The performance of 
CIEDE2000[optimized: optimized:1] is significantly better than that of CIEDE2000[2:1:1] but it 
is insignificantly better than that of the rest of the parametric factors. 
CIEDE2000[optimized:optimized:1] and ΔE00_SOO has similar results to each other with about 1 
for F-value. Since CIEDE2000[optimized:optimized:1] is a target of ΔE00_soo the meaning of the 
F-value is remarkable. Calculating kL_soo and kC_soo with the size of colour difference and SR 
makes it possible to predict the effect of the two variables on perceptual colour difference. 
 
Table 7-1 F-test for dark condition with ΔE00_soo 
F(0.95,428,428) = 0.8528 
(p<0.05) 
CIEDE2000 ΔE00_soo 
(1:1:1) (2:1:1) (3.3:0.8:1)
(optimized
:optimized
:1) 
(optimized
:0.8:1) (kL_soo:0.8:1) 
(kL_ soo: 
kC_ soo:1)
CIEDE2000 
(1:1:1) 1.0000 0.5313 0.3763 0.3660 0.3655 0.3324 0.3589 
(2:1:1) 1.8820 1.0000 0.7082 0.6889 0.6879 0.6256 0.6754 
(3.3:0.8:1) 2.6575 1.4120 1.0000 0.9727 0.9714 0.8833 0.9537 
(optimized 
:optimized:1) 2.7319 1.4516 1.0280 1.0000 0.9986 0.9081 0.9805 
(optimized:0.8:1) 2.7357 1.4536 1.0294 1.0014 1.0000 0.9093 0.9818 
ΔE00SOO 
(kL_soo:0.8:1) 2.7864 1.4805 1.0485 1.0199 1.0185 1.0000 0.9262 
(kL_soo:kC_s
oo:1) 3.0085 1.5986 1.1321 1.1012 1.0997 1.0797 1.0000 
 
Table 7-2 F-test for dim condition with ΔE00_soo: 
F(0.95,439,439) = 0.8546 
(p<0.05) 
CIEDE2000 ΔE00_soo 
(1:1:1) (2:1:1) (2.6:0.8:1)
(optimized
:optimized
:1) 
(optimized
:0.8:1) (kL_soo:0.8:1) 
(kL_ soo: 
kC_ soo:1) 
CIEDE2000 
(1:1:1) 1.0000 0.5863 0.5016 0.4684 0.5114 0.4963 0.4189 
(2:1:1) 1.7057 1.0000 0.8555 0.7989 0.8727 0.8466 0.7145 
(2.6:0.8:1) 1.9937 1.1689 1.0000 0.9338 1.0197 0.9898 0.8351 
(optimized 
:optimized:1) 2.1351 1.2518 1.0709 1.0000 1.0920 1.0597 0.8944 
(optimized:0.8:1) 1.9552 1.1463 0.9807 0.9157 1.0000 0.9704 0.8190 
ΔE00SOO 
(kL_soo:0.8:1) 2.0148 1.1812 1.0106 0.9437 1.0305 1.0000 0.8440 
(kL_soo:kC_soo
:1) 2.3873 1.3996 1.1974 1.1181 1.2210 1.1849 1.0000 
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Table 7-3 F-test for average condition with ΔE00_soo 
F(0.95,478,478) = 0.8602 
(p<0.05) 
CIEDE2000 ΔE00_soo 
(1:1:1) (2:1:1) (2.5:0.8:1)
(optimized
:optimized
:1) 
(optimized:
0.8:1) (kL_soo:0.8:1) 
(kL_ soo: 
kC_ soo:1) 
CIEDE2000 
(1:1:1) 1.0000 0.5950 0.5245 0.4754 0.5424 0.5399 0.4554 
(2:1:1) 1.6805 1.0000 0.8815 0.7989 0.9114 0.9073 0.7654 
(2.5:0.8:1) 1.9065 1.1345 1.0000 0.9063 1.0340 1.0293 0.8683 
(optimized 
:optimized:1) 2.1037 1.2518 1.1034 1.0000 1.1409 1.1357 0.9581 
(optimized:0.8:1) 1.8438 1.0972 0.9671 0.8765 1.0000 0.9954 0.8398 
ΔE00SOO 
(kL_soo:0.8:1) 1.8523 1.1022 0.9716 0.8805 1.0046 1.0000 0.8436 
(kL_soo:kC_soo
:1) 2.1957 1.3065 1.1517 1.0437 1.1908 1.1854 1.0000 
Table 7-4 F-test for bright condition with ΔE00_soo 
F(0.95,461,461) = 0.8578 
(p<0.05) 
CIEDE2000 ΔE00_soo 
(1:1:1) (2:1:1) (2.5:0.8:1)
(optimized
:optimized
:1) 
(optimized 
:0.8:1) (kL_soo:0.8:1) 
(kL_ soo: 
kC_ soo:1)
CIEDE2000 
(1:1:1) 1.0000 0.5960 0.5174 0.5174 0.5438 0.6006 0.5028 
(2:1:1) 1.6778 1.0000 0.8681 0.8818 0.9125 1.0077 0.8437 
(2.5:0.8:1) 1.9327 1.1519 1.0000 1.0158 1.0511 1.1608 0.9718 
(optimized 
:optimized:1) 1.9026 1.1340 0.9844 1.0000 1.0347 1.1427 0.9567 
(optimized:0.8:1) 1.8388 1.0959 0.9514 0.9665 1.0000 1.1044 0.9246 
ΔE00SOO 
(kL_soo:0.8:1) 1.6650 0.9924 0.8615 0.8751 0.9055 1.0000 0.8372 
(kL_soo:kC_soo:
1) 1.9887 1.1853 1.0290 1.0453 1.0816 1.1944 1.0000 
Table 7-5 F-test for total images with ΔE00_soo 
F(0.95,1809,1809) = 0.9256 
(p<0.05) 
CIEDE2000 ΔE00_soo 
(1:1:1) (2:1:1) (globally optimized)
(optimized
:optimized
:1) 
(optimized 
:0.8:1) (kL_soo:0.8:1) 
(kL_ soo: 
kC_ soo:1)
CIEDE2000 
(1:1:1) 1.0000 0.5727 0.4806 0.4635 0.4969 0.5095 0.4375 
(2:1:1) 1.7461 1.0000 0.8391 0.8093 0.8676 0.8896 0.7639 
(globally 
optimized) 2.0808 1.1917 1.0000 0.9645 1.0340 1.0602 0.9104 
(optimized 
:optimized:1) 2.1574 1.2356 1.0368 1.0000 1.0720 1.0992 0.9439 
(optimized:0.8:1) 2.0124 1.1525 0.9671 0.9328 1.0000 1.0254 0.8805 
ΔE00SOO 
(kL_soo:0.8:1) 1.9627 1.1240 0.9432 0.9097 0.9753 1.0000 0.8587 
(kL_soo:kC_soo:
1) 2.2856 1.3090 1.0984 1.0594 1.1358 1.1645 1.0000 
 139 
 
Since STRESS calculates the correlation between two datasets by rescaling one of the dataset, it 
might not be appropriate for testing the performance of the suggested model for every surround 
condition. Table 7-5 shows the result of the F-test for all the images for four surround conditions. 
There were 1810 images that were used for optimization. They were compared to the visual 
assessment data at the same time. If there is a significant difference between values, it is indicated 
by bold characters. The optimized results and proposed model are significantly better than 
CIEDE2000[2:1:1] and the developed model is significantly better than CIEDE2000[2:1:1:] and 
CIEDE2000[globally optimized parametric factors]. Moreover, the proposed model is 
insignificantly better than CIEDE2000[optimized parametric factors] for each colour difference 
group. 
The proposed model needs to analyse the data in a qualitative way as well. Figure 7-3 shows the 
performance of the suggested model with the result of CIEDE2000[2:1:1]. X-axis indicates the 
visual assessment data for each surround condition, and y-axis indicates (a), (c), (e), (g) rescaled 
CIEDE2000[2:1:1] for each surround condition and (b), (d), (f), (h) rescaled DE00_SOO. When 
the visual assessment data is compared with CIEDE2000[2:1:1] or DE00_SOO, CIEDE2000[2:1:1] 
is found to be more scattered in Figure 7-3 (a), (c), (e), and (g), while the degree of convergence 
increases for DE00_Soo for each surround condition as shown in Figure 7-3 (b), (d), (f) and (h). It 
shows that DE00_Soo improves performance without the categorized image set or optimization of 
the parametric factors. 
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(a) (b) 
(c) (d) 
(Cont.) 
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(e) (f) 
(g) (h) 
Figure 7-3 The relation between visual assessment data and CIEDE00[2:1:1] for (a) dark, (c) 
dim, (e) average, (g) bright or DE00_SOO for (b) dark, (d) dim, (f) average, (h) bright 
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The suggested model was tested with the data set for the pilot test. The relation between the visual 
assessment data and the predicted data by DE00SOO is depicted in Figure 7-4. X-axis indicates the 
visual assessment data for the pilot test and y-axis is rescaled DE00SOO. It shows similar result for 
optimized CIEDE00[3.52:0.83:1.0]. The CV and STRESS values are 30.42 and 0.2778, 
respectively. 
When CIEDE00 was optimized, the STRESS value was 0.2658. The difference between two 
STRESSs, 0.2778 and 0.2658, is insignificant, as Fc(0.975,194,194) is 0.7466 while the F-value is 
0.9155. 
 
Figure 7-4 Relation between visual assessment data for pilot test and DE00_SOO 
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7.6 Conclusion 
In this chapter, a new colour difference metric was developed with functions of lightness and 
chroma parametric factors. The function is based on optimized data for kL and kC, respectively. The 
performance test of the proposed model, DE00_SOO, was conducted with CIEDE2000[1:1:1], 
[2:1:1] and the result of the optimized parametric factors. The statistical significance was tested 
between CIEDE2000[2:1:1] and other optimized results with F-value and illustration. It shows that 
CIEDE2000[optimized:optimized:1] for the complete image set including dark, dim, average, and 
bright is significantly better than CIEDE2000[2:1:1] or CIEDE2000[globally optimized parametric 
factors]. It means that the calculation for colour difference is affected by colour difference 
magnitude and surround conditions. In other words, the parametric setting suggested by CIE is not 
enough to calculate large colour difference and the colour difference in SR>0 condition. In addition, 
the performance of DE00_SOO is almost similar to the optimized result for each colour difference 
group.  
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8. Conclusions and Discussion 
  
 146 
 
 
 
 
 
 
 
 
 
 
 
THIS PAGE INTENTIONALLY LEFT BLANK 
  
 147 
 
8.1 Overview  
The major aim of this study was to investigate the effect of surround luminance and the size of 
colour difference on perceptual image colour difference. There are four detailed aims of this study 
in detail, (1) to test the performance of previous colour difference equations for a wide range of 
colour difference magnitudes, (2) to investigate the effect of input parametric factors for colour 
difference equations on the performance, (3) to analyse the effect of surround luminance on 
perceived colour difference and (4) to suggest the new image colour difference equations for 
complex images considering the colour difference magnitude and the surround luminance level. 
To achieve the aims, the image set having wide range of colour difference magnitudes was prepared 
and it was used for the performance test of colour difference equations. The effect of input 
parametric factors was investigated by controlling parametric factors in four levels of surround 
conditions. The new image colour difference equations for complex images was developed based 
on the psychophysical experiment data. The result was described through three chapters and it is 
summarized in section 8.1.1 to 8.1.3. 
 Performance test for colour difference equations 
In the pilot test, a performance test for colour difference equations was conducted. A new data set 
of overall colour difference in images was used to find the optimal parametric factors of CMC(l:c) 
and CIEDE2000(kL:kC). The data analysis results showed that (4:3) is the best ratio for CMC(l:c) 
and (3.5:1) is the best solution for CIEDE2000(l:c). The CIEDE2000 (3.5:1) performs significantly 
better than CMC(4:3). Note that the colour difference magnitude in images used for this experiment 
were broader than those in previous studies that focused on the perceptual thresholds. The 
magnitudes of the overall colour differences in images must have affected the performance of the 
colour difference equations as in the cases of colour differences for uniform colour patches. When 
the colour differences were grouped as small (ΔE*ab (1:1) < 5) and large (ΔE*ab(1:1) ≥ 5) colour 
difference data, it was found that the results were not significantly different for small colour 
difference data between CIEDE2000(2:1) and CIEDE2000(3.5:1). On the other hand, there was 
significant performance difference for large colour difference data between CIEDE2000(2:1) and 
CIEDE2000(3.5:1). It means that the optimal parametric factors are affected by the magnitudes of 
the colour difference data. Furthermore the different ratio among three parametric factors indicates 
that the perceived image colour difference is affected by the type of manipulated component, i.e. 
the lightness change is less sensitive to human vision than that of chroma or hue changes for the 
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image colour difference. It means that the threshold for the evaluation of image colour difference 
should be set by the type of manipulation. 
 Effect of colour difference magnitude and surround conditions 
In the main experiment, the effect of surround condition and colour difference magnitude on 
perceptual colour difference was investigated. The visual assessment data between dark and those 
of other surround conditions were compared with each other.  
The comparison showed that the perceptual colour difference changes depends on the colour 
difference magnitude and surround luminance. As the surround luminance increases, the perceptual 
colour difference for small colour difference becomes larger than that for dark conditions and the 
perceptual colour difference for other surround conditions decreases for large colour difference. 
The CIEDE2000[1:1:1] predicts image colour difference of S-CD smaller than that of the perceived 
colour difference while it predicts the image colour difference of L-CD larger than that of the 
perceived colour difference. The phenomenon was shown with the optimization process. The 
manipulated images were categorized with 6 groups and the parametric factors for each surround 
condition and colour difference magnitude were optimized. The result has showed that the 
perceived image colour difference is affected not only by the colour difference magnitude but also 
by surround luminance level. Moreover this result means that the surround condition needs to be 
considered for the image colour difference evaluation. For example, the environment for the image 
colour difference evaluation such as the performance test for produced digital medium is mostly 
conducted in average condition. For the better result of the performance test, the surround 
luminance level should be included as a factor at least. 
 
 New image colour difference equation, DE00SOO 
A new colour difference equation, DE00SOO, was proposed in this study. It has factors for surround 
luminance ratio and the size of colour difference for determining the accurate colour difference. It 
is a modified version of the CIEDE2000 and the functions for lightness and chroma parametric 
factors are suggested. Since the chroma parametric factor is not affected by the surround luminance, 
the function for chroma parametric factor was derived with the colour difference magnitude while 
the function of lightness parametric factor has both of the factors for surround luminance ratio and 
the size of colour difference based on the optimized result. 
 149 
 
The performance of the new model was tested with STRESS values, i.e., F-test. It is significantly 
better than CIEDE00(1:1:1) and CIEDE00(2:1:1) and it has similar performance with optimized 
results. The new equation can be used for the evaluation overall image colour difference such as 
the duplicated displays for tiled display and perceptibility test among produced displays with same 
process in office surround luminance not dark condition. 
 
8.2 Discussion 
There is another color difference equation that is not standardized by CIE so called CAM02-UCS. 
CAM02-UCS has been proposed by Luo ((Luo, Cui, & Li, 2006)). The color difference equation 
is developed based on color appearance model, CIECAM02. It was developed to predict the 
threshold changes by surround environment changes. It modified lightness and colourfulness of 
CIECAM02 and calculates colour coordinates, a’M and b’M, in CIECAM02. The related equations 
show as follows: 
Jᇱ = 1.7ܬ1 + 0.007ܬ 
Mᇱ = 10.0228 logଵ଴(1 + 0.0228ܯ) 
aெᇱ = ܯᇱcos	(ℎ) 
bெᇱ = ܯᇱsin	(ℎ) 
∆Eᇱ = ට(∆ܬᇱଶ + ∆ܽெᇱ ଶ + ∆ܾெᇱ ଶ) 
Figure 8-1 depicts the performance by comparing between visual assessment data and calculated 
image color difference, CAM02-UCS, the Euclidean distance in CIECAM JCh and DE00SOO. X-
axis shows visual assessment data and y-axes indicates calculated image color difference by each 
equation. Each row of Figure 8-1 indicates each surround condition, dark, dim, average and bright. 
The filled triangles means the images controlled chroma, the filled circles indicates the images 
manipulated hue angle and the empty circles illustrate the images having lightness changes. To 
depict the relations between visual assessment data and each type of colour manipulation, the scale 
was fitted to have same mean value of color differences to visual assessment data for each colour 
manipulation. The colour difference for chroma change has relatively larger variation than that of 
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other manipulation types for CAM02-UCS while DE00SOO has similar trend among three 
manipulation types. Furthermore, the prediction of chroma change in CAM02-UCS has limit by 
using colourfulness, M, instead of chroma, C. Even though the scale among lightness J, chroma C 
and hue angle h is different from others, the performance of Euclidean distance in CIECAM02 JCh 
has better performance than CAM02-UCS in aspect of chroma change. Meanwhile CIECAM02 
has the variables to predict the appearance under various surround conditions, calculating color 
difference in CIECAM02 or using CAM02-UCS for the image colour difference evaluation is not 
proper since CIECAM02 has not been developed to calculate color difference but to predict color 
appearance and it has also been developed based on colour patches not complex images. The 
performance of new image colour difference equations is the best in three colour difference 
equations. 
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(a)  (b) (c) 
(d) (e) (f) 
(g) (h) (i) 
(j) (k) (l) 
Figure 8-1 Comparing performance between (a), (d), (g), (j) CAM-UCS, and (b), (e), (h), (k) 
Euclidean distance in CIECAM02 JCh, and (c), (f), (i), (l) DE00SOO  
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8.3 Limitations and Further work 
In this study, a new colour difference equation adaptive surround luminance and the size of colour 
difference was proposed. However, this study has scope for further work, as follows : 
1. In this study, colour manipulation was only applied to the reference images. Since most of the 
image difference metric tested compressed, manipulated contrast and blurred images, the new 
image set should include them as well as colour manipulated images for the performance test.  
2. The new equation has limits to predict the colour difference for half-tone images since it 
calculates the overall colour difference between two images based on pixelwise difference. 
Therefore, the new equation needs to incorporate Gaussian filter or CSF (Contrast Sensitivity 
Function) as in the case of S-CIELAB to calculate the colour difference of half-tone images.  
3. The function of lightness parametric factor can be over-predicted for larger colour difference 
magnitude in dark conditions since it is the 2nd polynomial function. Limits should be 
considered in future research. 
4. In this study, the image colour difference was only evaluated but the study for the simple colour 
patches needs to be conducted to investigate what difference has between perception for the 
complex pictorial images and for simple colour patches. 
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Appendix 1 Visual and Optimized data 
1.1 Dark 
Image Manipulation visual CIEDE00(1:1:1) 
CIEDE00
(2:1:1) 
CIEDE00
(3.27 
:0.75:1) 
CIEDE00
(optimized
:optimized
:1) 
CIEDE00 
(optimized 
:0.8:1) 
DE00 
(kL_Soo 
:kC_Soo:1) 
DE00 
(kL_Soo
:0.8:1) 
I01 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I01 C120% 21.0628 1.2418 1.2405 1.4591 2.0649 1.4592 1.9089 1.4592 
I01 C140% 32.6147 2.3993 2.3974 2.7769 3.0551 2.7770 3.3559 2.7771 
I01 C60% 52.1204 3.0517 3.0503 3.7361 4.6029 3.7362 4.4432 3.7362 
I01 C80% 34.2664 1.4529 1.4517 1.7900 2.7110 1.7901 2.3936 1.7901 
I01 h+10d 27.5040 1.5843 1.5822 1.6263 1.7666 1.6265 1.7296 1.6265 
I01 h-10d 19.2032 1.6793 1.6775 1.7162 1.8383 1.7163 1.8043 1.7163 
I01 h+15d 32.3571 2.5653 2.5625 2.6124 2.7797 2.6127 2.7121 2.6127 
I01 h-15d 27.3909 2.5581 2.5562 2.5853 2.6861 2.5855 2.6445 2.5855 
I01 h+5d 11.6408 0.6847 0.6838 0.6912 0.7168 0.6913 0.7135 0.6913 
I01 h-5d 9.1008 0.7302 0.7293 0.7341 0.7512 0.7341 0.7489 0.7341 
I01 J110% 11.6094 4.2729 2.2042 1.4369 1.9554 1.7636 1.8319 1.7952 
I01 J110%+C120% 29.6762 4.6980 2.8308 2.5514 3.1552 2.6971 2.8700 2.6478 
I01 J110%+C60% 58.5039 5.7392 4.0455 4.2677 5.0099 4.1553 4.2812 4.0817 
I01 J110%+h+10d 31.2769 4.9459 3.1284 2.5120 2.9034 2.7575 2.7492 2.7329 
I01 J110%+h-15d 27.7371 5.5150 3.8629 3.3776 3.2484 3.2484 3.5405 3.5016 
I01 J110%+h-5d 20.8408 4.4309 2.4780 1.8139 2.2560 2.0814 2.1290 2.0958 
I01 J120% 20.8887 8.1064 4.1829 2.7306 3.5062 3.0002 2.5539 2.5476 
I01 J120%+C140% 30.6815 8.8294 5.2961 4.6645 4.0628 4.0995 3.9427 4.0685 
I01 J120%+C80% 40.5210 8.2481 4.3996 3.2256 3.9984 3.3903 2.8958 2.8934 
I01 J120%+h-10d 28.8696 8.4252 4.7365 3.4767 4.1244 3.6763 3.2075 3.2065 
I01 J120%+h+15d 44.1663 9.0803 5.5307 4.3335 3.8703 3.8810 3.9808 3.9844 
I01 J120%+h+5d 33.4601 8.2733 4.4371 3.0917 3.7814 3.3070 2.8482 2.8450 
I01 J80% 17.1357 9.6192 5.0772 3.4658 2.8209 2.8429 3.0456 3.0542 
I01 J80%+C120% 28.6673 9.7193 5.2406 3.7115 3.0316 3.0513 3.2402 3.2477 
I01 J80%+C60% 58.5967 10.8120 6.7084 6.2800 5.4634 5.5227 4.8654 5.2811 
I01 J80%+h+10d 25.2379 9.8443 5.4597 4.0806 3.4175 3.4402 3.5263 3.5496 
I01 J80%+h-15d 37.4188 10.3796 6.1362 4.6957 4.0795 4.0958 4.1176 4.1328 
I01 J80%+h-5d 22.0377 9.7474 5.2647 3.7347 3.0528 3.0724 3.2502 3.2586 
I01 J90% 7.0539 4.6517 2.4504 1.6702 2.2395 2.0091 2.0860 2.0244 
I01 J90%+C140% 36.7572 5.4592 3.5519 3.2608 3.0369 3.0369 3.5200 3.3273 
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I01 J90%+h-10d 19.6935 5.2982 3.3234 2.6641 3.1046 2.9291 2.9159 2.8882 
I01 J90%+h+15d 32.1996 5.6423 3.8304 3.3442 3.1896 3.1896 3.5370 3.4680 
I01 J90%+h+5d 23.4878 4.7115 2.6287 1.9787 2.4801 2.2447 2.3227 2.2476 
I02 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I02 C120% 17.3824 1.7134 1.7104 2.1299 3.2678 2.1302 2.8907 2.1302 
I02 C140% 35.6708 3.3645 3.3607 4.1998 5.2535 4.2001 5.0865 4.2001 
I02 C60% 44.9154 4.0308 4.0287 5.0036 5.7027 5.0037 6.0550 5.0038 
I02 C80% 12.3110 1.8880 1.8856 2.3409 3.5760 2.3411 3.1673 2.3411 
I02 h+10d 16.3255 2.5999 2.5984 2.6145 2.6782 2.6147 2.6528 2.6147 
I02 h-10d 15.0365 2.6533 2.6519 2.6733 2.7466 2.6734 2.7177 2.6734 
I02 h+15d 30.5377 3.8673 3.8657 3.8846 3.9026 3.8846 3.9215 3.8847 
I02 h-15d 25.9811 3.9699 3.9686 4.0035 4.0318 4.0036 4.0568 4.0037 
I02 h+5d 8.4035 1.2526 1.2510 1.2605 1.2951 1.2606 1.2881 1.2606 
I02 h-5d 5.8844 1.3067 1.3052 1.3138 1.3456 1.3140 1.3388 1.3140 
I02 J110% 10.6887 3.7622 1.9336 1.2605 1.4990 1.4232 1.6763 1.6315 
I02 J110%+C60% 31.8275 5.4629 4.3746 5.2968 6.2534 5.0807 5.7819 5.0609 
I02 J110%+h-10d 23.5216 4.7538 3.4096 3.0590 3.1748 3.1258 3.2494 3.2153 
I02 J110%+h+15d 35.0941 5.5238 4.4096 4.1549 4.3529 4.2491 4.2800 4.2447 
I02 J110%+h+5d 16.7916 4.0196 2.3882 1.8942 2.0555 1.9938 2.1884 2.1453 
I02 J120% 12.9645 7.3163 3.7280 2.3813 2.0925 2.0925 2.7338 2.7048 
I02 J120%+C120%+h+10d 54.4390 8.8088 5.9403 6.1187 7.1120 5.9596 5.6567 5.6945 
I02 J120%+C140% 41.0220 8.4945 5.4943 5.7279 6.7656 5.5556 5.4556 5.3510 
I02 J120%+C80% 34.6817 7.4388 4.0321 3.1917 2.8670 2.8670 3.4436 3.2917 
I02 J120%+h+10d 22.9279 7.8307 4.6424 3.6638 3.4450 3.4450 3.8022 3.7789 
I02 J120%+h-15d 38.9075 8.5394 5.6659 4.8632 4.6826 4.6826 4.8831 4.8662 
I02 J120%+h-5d 21.0952 7.4735 4.0175 2.8352 2.5597 2.5597 3.0826 3.0574 
I02 J80% 14.5200 7.8290 4.0340 2.6429 2.3398 2.3398 2.9670 2.9238 
I02 J80%+C120% 29.2028 7.8174 4.1143 3.0061 2.6662 2.6662 3.2439 3.1453 
I02 J80%+C60% 34.4318 9.1856 6.0442 6.3484 7.4845 6.1552 6.0938 5.9506 
I02 J80%+h-10d 28.8932 8.3484 4.9322 3.9032 3.6503 3.6503 4.0128 3.9780 
I02 J80%+h+15d 40.0287 8.9151 5.7616 4.8334 5.2961 4.9699 4.8503 4.8375 
I02 J80%+h+5d 22.4398 7.9734 4.2964 3.0532 2.7505 2.7505 3.2711 3.2380 
I02 J90% 4.6236 3.8935 2.0133 1.3289 1.5777 1.4956 1.7619 1.7077 
I02 J90%+C140% 40.2919 4.8696 3.5831 4.1662 4.9660 4.0388 4.6204 4.0221 
I02 J90%+C80% 13.4524 4.5526 2.9862 3.1270 3.4172 3.0546 3.6885 3.1538 
I02 J90%+h+10d 22.4961 4.8249 3.4035 3.0153 3.1370 3.0907 3.2148 3.1886 
I02 J90%+h-15d 29.0851 5.7270 4.5515 4.3005 4.5246 4.3973 4.4356 4.3873 
I02 J90%+h-5d 7.8727 4.1517 2.4599 1.9501 2.1219 2.0531 2.2625 2.2106 
I03 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
 164 
 
I03 C120% 19.7462 0.7700 0.7691 0.9547 1.4579 0.9548 1.3738 0.9548 
I03 C140% 45.2019 1.6428 1.6413 2.0350 3.1029 2.0351 2.7473 2.0351 
I03 C60% 51.3081 2.0079 2.0066 2.4778 3.7574 2.4779 3.2990 2.4779 
I03 C80% 29.0922 0.8622 0.8614 1.0672 1.6256 1.0672 1.5278 1.0672 
I03 h+10d 15.5912 1.0676 1.0671 1.0722 1.0906 1.0723 1.0876 1.0723 
I03 h-10d 20.1876 1.0303 1.0299 1.0343 1.0503 1.0344 1.0477 1.0344 
I03 h+15d 30.8962 1.6502 1.6496 1.6600 1.6957 1.6600 1.6870 1.6600 
I03 h-15d 33.6228 1.5332 1.5328 1.5399 1.5646 1.5400 1.5588 1.5400 
I03 h+5d 9.2758 0.5215 0.5208 0.5238 0.5352 0.5239 0.5343 0.5239 
I03 h-5d 6.2508 0.4852 0.4845 0.4876 0.4990 0.4876 0.4980 0.4876 
I03 J110% 11.5982 2.8908 1.4876 0.9702 1.4199 1.2584 1.2992 1.2603 
I03 J110%+C140% 42.4699 3.6591 2.5820 2.7976 3.0525 2.7236 3.3330 2.8081 
I03 J110%+C80% 27.2351 3.1087 1.8094 1.5731 2.2563 1.7428 1.9956 1.7431 
I03 J110%+h+10d 19.3078 3.3216 2.1098 1.7157 2.0448 1.9248 1.9487 1.9253 
I03 J110%+h-15d 32.0012 3.6432 2.5259 2.1840 2.3046 2.2554 2.4105 2.3677 
I03 J110%+h-5d 14.1597 3.0069 1.6849 1.2466 1.6407 1.4831 1.5266 1.4848 
I03 J120% 19.0884 5.7688 2.9454 1.8917 2.5914 2.3376 2.3637 2.3258 
I03 J120%+C120% 29.0864 5.9625 3.3065 2.6809 3.4183 2.9535 3.0999 2.8983 
I03 J120%+C60% 56.5408 6.2847 3.7072 3.3067 4.1180 3.5115 3.6796 3.4135 
I03 J120%+h-10d 30.3358 5.9965 3.3441 2.4571 3.0452 2.8118 2.8177 2.7791 
I03 J120%+h+15d 35.0301 6.3173 3.7815 2.9388 3.4708 3.2718 3.2348 3.2137 
I03 J80% 13.3175 5.7111 2.9567 1.9583 2.6599 2.3878 2.4098 2.3549 
I03 J80%+C120%+h+10d 44.0587 6.0542 3.5798 3.0130 3.6568 3.2520 3.3228 3.1686 
I03 J80%+C140% 45.0098 5.9091 3.2614 2.6053 3.3153 2.8854 2.9720 2.8054 
I03 J80%+C140%+h+5d 48.9746 5.9421 3.3374 2.6996 3.3932 2.9715 3.0506 2.8893 
I03 J80%+C80% 32.3779 5.9195 3.3494 2.7901 3.5180 3.0392 3.1790 2.9718 
I03 J80%+h+10d 25.8422 5.9007 3.3157 2.5098 3.1054 2.8346 2.8577 2.7886 
I03 J80%+h-15d 30.4507 6.1099 3.6060 2.7957 3.3349 3.1173 3.0876 3.0533 
I03 J80%+h-5d 8.1557 5.7506 3.0488 2.1221 2.7522 2.4970 2.5099 2.4621 
I03 J90% 2.8126 2.8802 1.4919 0.9862 1.4424 1.2702 1.3183 1.2721 
I03 J90%+C120% 24.3406 3.0199 1.7015 1.4068 2.0180 1.5950 1.7957 1.5957 
I03 J90%+C120%+h-10d 60.5626 3.7593 2.6466 2.6353 2.8342 2.6158 3.0582 2.7068 
I03 J90%+C120%+h+5d 41.7985 3.4836 2.3237 2.3118 2.5261 2.2948 2.7777 2.3972 
I03 J90%+C60% 57.4813 3.8851 2.8576 3.1849 3.4614 3.0840 3.7581 3.1615 
I03 J90%+h+15d 26.0991 3.6561 2.5758 2.2923 2.4117 2.3463 2.5297 2.4490 
I03 J90%+h-5d 7.5846 2.9902 1.6695 1.2254 1.6114 1.4639 1.5007 1.4655 
I04 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I04 C120% 27.8225 1.7454 1.7360 2.1010 2.3664 2.1013 2.6198 2.1018 
I04 C140% 32.3079 2.8807 2.8653 3.3849 4.0525 3.3860 3.8566 3.3859 
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I04 C60% 56.1786 6.4711 6.4689 8.0655 7.9667 8.0654 7.1276 8.0653 
I04 C80% 37.7757 2.9830 2.9812 3.7130 3.7130 3.7130 4.1717 3.7131 
I04 h+10d 43.9393 5.1221 5.1191 5.1171 5.1170 5.1170 5.1178 5.1172 
I04 h-10d 50.8240 5.3022 5.2997 5.3226 5.3225 5.3225 5.3384 5.3227 
I04 h+15d 58.2895 7.4673 7.4627 7.4523 7.4525 7.4521 7.4534 7.4521 
I04 h-15d 62.9589 8.0415 8.0379 8.0722 8.0696 8.0720 8.0686 8.0721 
I04 h+5d 29.8262 2.6350 2.6323 2.6341 2.6370 2.6342 2.6407 2.6343 
I04 h-5d 38.1185 2.6438 2.6416 2.6525 2.6624 2.6526 2.6739 2.6527 
I04 J110% 24.4200 4.4742 2.5063 1.8457 2.1231 2.0117 2.2815 2.1883 
I04 J110%+C140% 35.2803 6.1436 4.6992 5.1057 5.7498 4.9521 4.9579 4.8704 
I04 J110%+C80% 36.0138 5.0158 3.4868 3.8586 3.5938 3.5938 3.9937 3.6985 
I04 J110%+C80%+h-10d 61.1886 8.7205 7.8893 8.1229 7.9428 7.9639 7.8571 7.9576 
I04 J110%+C80%+h+15d 74.4835 9.9254 9.0260 9.6728 9.3502 9.3925 8.6403 9.3417 
I04 J110%+h+10d 49.4253 6.8619 5.7024 5.5629 5.7706 5.5652 5.5357 5.5130 
I04 J110%+h-15d 62.9292 9.3070 8.5851 8.4524 8.3978 8.4001 8.3889 8.3959 
I04 J110%+h-5d 25.9543 5.2449 3.7801 3.4312 3.6943 3.5617 3.5711 3.5348 
I04 J120% 30.0647 8.7220 5.0474 3.8270 4.6204 4.0620 3.7672 3.7401 
I04 J120%+C140%+h-15d 78.2638 13.9284 12.0898 12.0869 11.8380 11.8608 11.3874 11.7500 
I04 J120%+C60% 60.8265 10.2036 7.4902 8.6142 7.8882 7.9792 6.7111 7.8553 
I04 J120%+h-10d 54.3154 10.3496 7.6862 7.0652 6.8291 6.8374 6.7801 6.8045 
I04 J120%+h+15d 60.1727 11.5656 9.0625 8.7750 8.4926 8.5124 8.2158 8.4010 
I04 J120%+h+5d 25.7069 9.1323 5.7233 4.8759 5.4959 4.9767 4.6347 4.6317 
I04 J80% 34.7960 9.5699 5.1308 3.7307 4.7605 4.0109 3.5377 3.5171 
I04 J80%+C140% 39.5611 9.5212 5.4140 4.5517 5.4632 4.6182 4.1189 4.1333 
I04 J80%+C140%+h-10d 64.1453 11.4475 8.1779 7.9215 7.4849 7.5199 7.1695 7.4204 
I04 J80%+C80% 36.0429 10.3160 6.2567 6.0659 5.3683 5.4300 4.9680 5.3314 
I04 J80%+h+10d 54.8549 10.6506 7.0432 6.0906 5.7383 5.7491 5.7212 5.7411 
I04 J80%+h-15d 70.2781 12.8138 9.7067 9.2180 8.8770 8.8973 8.5598 8.7413 
I04 J80%+h-5d 40.1963 10.0235 5.8366 4.8281 4.2491 4.2772 4.3510 4.3830 
I04 J90% 28.1200 4.6306 2.4588 1.7452 2.0604 1.9270 2.2302 2.1141 
I04 J90%+C120% 24.1871 4.6800 2.7290 2.3931 2.9477 2.5439 2.7873 2.5507 
I04 J90%+C120%+h-10d 56.7714 7.9653 6.9595 7.2373 7.6605 7.1357 7.0388 7.0636 
I04 J90%+h+15d 62.0100 8.6762 7.7711 7.5537 7.4974 7.4981 7.4945 7.4930 
I04 J90%+h+5d 36.3330 5.2338 3.5129 3.0644 3.3777 3.2333 3.2468 3.2124 
I05 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I05 C120% 17.2724 1.6700 1.6662 2.0480 3.0915 2.0484 2.7153 2.0484 
I05 C140% 33.4549 3.0921 3.0820 3.7898 4.3006 3.7902 4.5453 3.7906 
I05 C60% 46.1409 3.9990 3.9970 4.9681 6.1877 4.9682 5.7582 4.9682 
I05 C80% 22.9340 1.9095 1.9074 2.3590 3.5889 2.3592 3.1035 2.3592 
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I05 h+10d 16.0038 2.3943 2.3926 2.4152 2.4961 2.4153 2.4653 2.4153 
I05 h-10d 22.5573 2.4638 2.4610 2.4791 2.5468 2.4794 2.5203 2.4794 
I05 h+15d 30.8309 3.5943 3.5923 3.6277 3.6574 3.6278 3.6875 3.6279 
I05 h-15d 31.8894 3.7304 3.7269 3.7522 3.7741 3.7523 3.7950 3.7525 
I05 h+5d 6.6698 1.2008 1.1987 1.2112 1.2565 1.2114 1.2472 1.2114 
I05 h-5d 10.1614 1.2120 1.2094 1.2197 1.2585 1.2200 1.2504 1.2199 
I05 J110% 6.1468 3.1337 1.7067 1.2285 1.7744 1.5119 1.6079 1.5125 
I05 J110%+C140% 33.9224 4.8126 3.9045 4.7300 4.4249 4.4249 5.0026 4.5005 
I05 J110%+C80% 32.4534 3.5901 2.3721 2.4473 2.6690 2.4005 2.9185 2.4894 
I05 J110%+h-10d 19.3630 4.1304 3.1083 2.8835 2.9867 2.9233 3.0727 2.9987 
I05 J110%+h+15d 38.0932 5.0560 4.1504 3.9566 4.1379 4.0325 4.0772 4.0323 
I05 J110%+h+5d 15.0071 3.4725 2.2084 1.8584 1.9942 1.9276 2.1224 2.0488 
I05 J120% 12.0314 6.0591 3.2408 2.2654 3.0206 2.6982 2.6948 2.6146 
I05 J120%+C120% 22.1789 6.5444 4.0110 3.8076 3.4911 3.4911 3.9846 3.7447 
I05 J120%+C60% 54.6617 7.2166 4.8914 5.2128 6.1142 5.0463 5.1557 4.9432 
I05 J120%+h+10d 31.0066 6.7593 4.2826 3.5801 3.3911 3.3911 3.7626 3.7116 
I05 J120%+h-15d 35.8576 7.3093 5.1054 4.5547 4.3945 4.3945 4.6448 4.5990 
I05 J120%+h-5d 20.6055 6.1993 3.5109 2.6922 3.3254 3.0253 3.0082 2.9332 
I05 J80% 13.8762 6.6282 3.6024 2.6088 2.3790 2.3790 2.9790 2.8798 
I05 J80%+C140% 29.6815 6.8392 4.0852 3.6695 3.3746 3.3746 3.8439 3.6542 
I05 J80%+C80% 25.9035 7.1713 4.4273 4.2509 3.8951 3.8951 4.3294 4.1136 
I05 J80%+h+10d 24.4240 7.0748 4.3629 3.6942 3.4596 3.4596 3.8560 3.7659 
I05 J80%+h-5d 24.0454 6.8045 3.8822 3.0155 2.7517 2.7517 3.2557 3.1758 
I05 J90% 8.4457 3.2900 1.7890 1.2954 1.5169 1.4233 1.6987 1.5905 
I05 J90%+C120% 18.7119 3.4794 2.1337 2.0027 2.1991 2.0063 2.4288 2.1191 
I05 J90%+C60% 41.0906 5.5449 4.6695 5.7996 5.4221 5.4221 5.9839 5.4806 
I05 J90%+h-10d 25.7904 4.3228 3.1892 2.9075 3.0172 2.9606 3.0956 3.0415 
I05 J90%+h+15d 30.5050 4.9642 4.0298 3.8920 4.1241 3.9540 4.0518 3.9555 
I05 J90%+h+5d 6.6550 3.5283 2.1917 1.8534 2.0047 1.9177 2.1539 2.0440 
I06 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I06 C120% 11.9042 1.7492 1.7447 2.1443 2.4338 2.1445 2.7337 2.1447 
I06 C140% 35.6708 3.2257 3.2126 3.9029 4.7868 3.9039 4.4086 3.9036 
I06 C60% 53.0397 4.2721 4.2693 5.3057 5.3056 5.3056 5.7462 5.3057 
I06 C80% 31.3676 2.0065 2.0044 2.4885 2.8370 2.4886 3.1559 2.4887 
I06 h+10d 18.2832 2.7985 2.7966 2.8091 2.8577 2.8093 2.8357 2.8093 
I06 h-10d 15.4541 2.7680 2.7646 2.7777 2.8321 2.7781 2.8072 2.7781 
I06 h+15d 33.3263 4.1899 4.1876 4.2056 4.2216 4.2057 4.2324 4.2058 
I06 h-15d 33.0481 4.1383 4.1334 4.1533 4.1719 4.1535 4.1844 4.1538 
I06 h+5d 18.8175 1.3773 1.3756 1.3815 1.4057 1.3817 1.3997 1.3817 
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I06 h-5d 9.0172 1.3650 1.3626 1.3706 1.3927 1.3684 1.3865 1.3684 
I06 J110% 15.5319 3.7893 1.9726 1.3336 1.5485 1.4714 1.7165 1.6697 
I06 J110%+C120% 23.3753 4.3227 2.8698 3.0192 3.6291 3.0139 3.3466 2.9864 
I06 J110%+C60% 56.4747 5.7764 4.6351 5.6102 6.5038 5.3258 5.4848 5.2770 
I06 J110%+h+10d 24.0489 4.9466 3.6040 3.2454 3.4868 3.3809 3.4103 3.3849 
I06 J110%+h-15d 33.7404 5.7714 4.6940 4.4447 4.6417 4.5391 4.5373 4.5095 
I06 J110%+h-5d 22.0145 4.0728 2.4826 2.0078 2.1633 2.1030 2.2794 2.2397 
I06 J120% 22.1213 7.2053 3.7907 2.5895 2.2868 2.2868 2.8193 2.7858 
I06 J120%+C140% 39.1548 8.0575 5.3405 5.5275 4.9924 5.0457 4.9152 5.0629 
I06 J120%+C80% 41.8446 7.4484 4.1337 3.3462 4.0542 3.4224 3.3980 3.2958 
I06 J120%+h-10d 30.4282 7.7518 4.7727 3.8866 4.3526 4.0152 3.9452 3.9237 
I06 J120%+h+15d 44.3061 8.6699 5.9267 5.1659 5.5668 5.2733 5.0977 5.0888 
I06 J120%+h+5d 31.0762 7.4126 4.1155 3.0280 2.7674 2.7674 3.1866 3.1585 
I06 J80% 9.3214 8.3114 4.2892 2.8712 3.6325 3.0959 2.9885 2.9556 
I06 J80%+C120% 30.0203 8.4077 4.4771 3.1968 3.9306 3.3845 3.2283 3.1876 
I06 J80%+C60% 46.7315 9.7223 6.5155 6.9577 6.2517 6.3252 5.8442 6.2601 
I06 J80%+C60%+h+10d 25.1389 8.8631 5.2993 4.4701 5.1997 4.5531 4.2338 4.2138 
I06 J80%+h+10d 20.7338 8.7815 5.1596 4.0712 4.6808 4.2285 4.0337 4.0101 
I06 J80%+h-15d 28.0642 9.4913 6.1061 5.1099 5.6273 5.2550 4.9536 4.9490 
I06 J80%+h-5d 17.2256 8.4754 4.5603 3.2333 3.9295 3.4395 3.2946 3.2699 
I06 J90% 3.5527 4.0611 2.0958 1.4009 1.6346 1.5511 1.8098 1.7613 
I06 J90%+C140% 43.8245 5.1348 3.6938 3.9905 3.7450 3.7450 4.1686 3.8680 
I06 J90%+C80% 31.8933 4.7238 3.1523 3.3535 4.0468 3.3398 3.6882 3.2985 
I06 J90%+h-10d 15.2105 5.0940 3.5933 3.1773 3.4541 3.3353 3.3623 3.3363 
I06 J90%+h+15d 27.1590 5.9675 4.7524 4.4666 4.7002 4.5767 4.5727 4.5388 
I06 J90%+h+5d 16.1253 4.3230 2.5721 2.0422 2.2194 2.1493 2.3448 2.2980 
I07 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I07 C120% 21.0470 2.6638 2.6527 3.4752 4.0606 3.2662 3.8150 3.2661 
I07 C140% 40.5479 4.7371 4.6480 6.0701 5.6322 5.6997 5.5414 5.7004 
I07 C60% 51.0899 5.7022 5.6983 7.6288 8.8364 7.1416 7.0370 7.1414 
I07 C80% 32.3879 2.7877 2.7850 3.6977 4.3416 3.4663 4.1371 3.4663 
I07 h+10d 28.7948 2.8152 2.8139 2.8378 2.8478 2.8303 2.8738 2.8303 
I07 h-10d 24.9967 2.7746 2.7688 2.7920 2.8042 2.7836 2.8347 2.7839 
I07 h+15d 37.5141 4.1719 4.1701 4.2115 4.2276 4.1990 4.2465 4.1991 
I07 h-15d 29.4110 4.0921 4.0805 4.1230 4.1811 4.1082 4.1634 4.1082 
I07 h+5d 10.4178 1.4316 1.4306 1.4417 1.4834 1.4382 1.4697 1.4382 
I07 h-5d 14.9355 1.4678 1.4665 1.4731 1.5119 1.4705 1.4978 1.4705 
I07 J110% 18.9122 2.6021 1.4294 1.0640 1.4838 1.2706 1.3580 1.2716 
I07 J110%+C140% 40.3878 6.0026 5.3517 6.8125 6.2929 6.3693 5.9152 6.3622 
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I07 J110%+C80% 36.8816 3.7739 2.9317 3.4575 4.1050 3.3346 3.8276 3.3240 
I07 J110%+C80%+h+10d 50.9823 6.8749 6.2362 7.4623 7.0052 7.0714 6.5448 7.0582 
I07 J110%+h-10d 28.5364 4.0730 3.3430 3.1925 3.2552 3.2166 3.3033 3.2587 
I07 J110%+h+15d 34.2880 5.0267 4.4517 4.3738 4.5018 4.4045 4.4501 4.4003 
I07 J120% 29.2360 5.1132 2.7764 2.0225 2.5974 2.3332 2.4377 2.3525 
I07 J120%+C120% 20.7948 6.1969 4.2507 4.6185 5.4305 4.4509 4.5349 4.3576 
I07 J120%+C60% 59.9284 7.5474 5.9485 7.1994 6.5843 6.6664 6.3831 6.6681 
I07 J120%+C60%+h+10d 43.0262 8.7076 7.1455 8.2573 7.6943 7.7686 6.8411 7.7021 
I07 J120%+C60%+h-5d 54.1986 7.8226 6.2134 7.4678 6.8590 6.9404 6.2137 6.8956 
I07 J120%+h+10d 27.6357 5.8685 3.9244 3.4389 3.8445 3.6275 3.6377 3.5737 
I07 J120%+h-15d 42.3504 7.0064 5.3468 4.9482 4.8537 4.8537 4.9850 4.9649 
I07 J120%+h-5d 37.8731 5.5255 3.3842 2.7424 3.2144 2.9972 3.0339 2.9758 
I07 J80% 17.5104 5.3667 3.0232 2.3490 2.9705 2.6370 2.7658 2.6316 
I07 J80%+C140% 52.5989 6.7199 4.7386 5.0461 4.5887 4.6372 4.5953 4.6740 
I07 J80%+C80% 31.3080 6.5754 4.6185 5.1182 6.0149 4.9174 5.0583 4.8327 
I07 J80%+h-10d 35.0066 5.8522 3.8228 3.4176 3.9351 3.5909 3.6582 3.5245 
I07 J80%+h+15d 44.4362 6.8355 5.1181 4.8330 4.6985 4.6985 4.9401 4.8558 
I07 J80%+h+5d 26.8805 5.6493 3.4593 2.8859 3.4345 3.1265 3.2122 3.0944 
I07 J90% 11.6408 2.6709 1.4947 1.1463 1.5953 1.3481 1.4565 1.3494 
I07 J90%+C120% 26.1125 3.7404 2.8201 3.1646 3.7375 3.0928 3.4619 3.0743 
I07 J90%+C60% 54.9925 6.6866 6.1985 8.1148 9.4138 7.6157 7.2688 7.5798 
I07 J90%+h+10d 27.4598 4.0017 3.2613 3.1477 3.2224 3.1629 3.2927 3.2100 
I07 J90%+h-15d 36.0512 4.7434 4.1478 4.1236 4.3116 4.1392 4.2278 4.1320 
I07 J90%+h-5d 10.8760 2.9708 1.9611 1.7294 2.1144 1.8629 1.9701 1.8632 
I08 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I08 C120% 4.6586 1.5911 1.5892 2.0940 2.9954 1.9674 2.6862 1.9674 
I08 C140% 20.6489 3.0268 3.0245 4.0018 4.2822 3.7569 4.6674 3.7570 
I08 C60% 30.3282 3.5411 3.5397 4.6755 5.0014 4.3908 5.4359 4.3908 
I08 C80% 19.5543 1.7086 1.7071 2.2494 3.2177 2.1135 2.8851 2.1135 
I08 h+10d 11.1096 1.8740 1.8726 1.9113 1.9959 1.9010 1.9699 1.9010 
I08 h-10d 7.1469 1.7935 1.7908 1.8281 1.9112 1.8182 1.8864 1.8182 
I08 h+15d 23.4266 2.8428 2.8415 2.8990 3.0248 2.8837 2.9692 2.8837 
I08 h-15d 12.9171 2.7067 2.7032 2.7607 2.8887 2.7454 2.8337 2.7454 
I08 h+5d 7.3641 0.9224 0.9205 0.9385 0.9788 0.9337 0.9723 0.9337 
I08 h-5d 5.1985 0.8866 0.8839 0.9009 0.9403 0.8964 0.9341 0.8964 
I08 J110% 20.1017 3.9623 2.3228 1.7615 1.9542 1.8821 2.1010 2.0536 
I08 J110%+C140% 26.4945 5.1666 4.0441 4.6443 5.4109 4.5101 5.0280 4.4877 
I08 J110%+C80% 29.5487 4.3183 2.8445 2.7991 3.0372 2.7768 3.2583 2.8797 
I08 J110%+h+10d 22.7787 4.4526 3.0487 2.6915 2.8326 2.7585 2.9379 2.8651 
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I08 J110%+h-15d 20.3578 4.5613 3.3038 3.0310 3.1554 3.0780 3.2483 3.1624 
I08 J110%+h-5d 19.5153 4.0041 2.4434 1.9521 2.1189 2.0531 2.2498 2.2019 
I08 J120% 30.0051 7.0274 3.9413 2.8463 2.5723 2.5723 3.1153 3.0847 
I08 J120%+C120% 18.9322 7.2808 4.3967 3.8020 3.5116 3.5116 3.9894 3.8338 
I08 J120%+C140%+h+10d 37.5783 8.2172 5.7234 5.7944 6.6038 5.6839 5.6739 5.5448 
I08 J120%+C60% 47.1223 7.9514 5.2435 5.3225 6.2287 5.2008 5.3253 5.0976 
I08 J120%+h-10d 28.9103 7.0976 4.1675 3.2193 2.9935 2.9935 3.4369 3.4053 
I08 J120%+h+15d 35.8793 7.6233 4.8537 4.0752 3.8677 3.8677 4.2058 4.1589 
I08 J120%+h+5d 28.9183 7.1476 4.1095 3.0796 2.8215 2.8215 3.3167 3.2810 
I08 J80% 13.9867 8.3845 4.2643 2.7567 3.5263 3.0025 2.7538 2.7377 
I08 J80%+C80% 15.1538 8.7095 4.8318 3.9909 4.8641 4.0590 3.8441 3.7686 
I08 J80%+C80%+h+5d 37.8583 8.8649 5.0925 4.4254 5.2988 4.4529 4.1999 4.1430 
I08 J80%+h+10d 18.6949 8.6287 4.7236 3.4197 4.0811 3.6209 3.3737 3.3600 
I08 J80%+h-15d 29.5501 8.9620 5.2396 4.0855 4.6873 4.2563 3.9913 3.9789 
I08 J80%+h-5d 22.0519 8.4618 4.4000 2.9584 3.6948 3.1890 2.9400 2.9242 
I08 J90% 4.6551 4.1204 2.1057 1.3793 1.6184 1.5376 1.7802 1.7430 
I08 J90%+C120% 14.1568 4.3634 2.5136 2.2350 2.4881 2.2648 2.6863 2.3980 
I08 J90%+C140%+h-15d 44.1633 6.0726 4.7978 5.0738 4.8556 4.8556 5.2821 4.9743 
I08 J90%+C60% 34.8620 5.7014 4.3600 5.1433 6.1012 4.9691 5.5401 4.9289 
I08 J90%+C80%+h-15d 41.0756 6.0726 4.7978 5.0738 4.8556 4.8556 5.2821 4.9743 
I08 J90%+h+5d 4.1829 4.2501 2.3459 1.7200 1.9223 1.8503 2.0589 2.0217 
I09 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I09 C120% 24.8289 2.1755 2.1740 2.8812 3.0841 2.7040 3.4265 2.7040 
I09 C140% 39.2932 3.9026 3.9001 5.1763 4.8564 4.8564 5.3842 4.8565 
I09 C60% 50.5156 5.1770 5.1757 6.8630 6.4404 6.4404 6.9303 6.4405 
I09 C80% 30.0165 2.4520 2.4510 3.2449 3.4726 3.0460 3.8467 3.0460 
I09 h+10d 33.8202 3.7812 3.7796 3.7852 3.7877 3.7833 3.7921 3.7834 
I09 h-10d 35.3203 3.7558 3.7542 3.7781 3.7861 3.7716 3.7988 3.7717 
I09 h+15d 48.2349 5.6410 5.6390 5.6423 5.6495 5.6408 5.6452 5.6408 
I09 h-15d 50.1779 5.6026 5.6005 5.6442 5.6802 5.6324 5.6605 5.6323 
I09 h+5d 22.3708 1.8623 1.8611 1.8666 1.8814 1.8651 1.8760 1.8651 
I09 h-5d 15.5889 1.8703 1.8692 1.8776 1.8981 1.8754 1.8908 1.8754 
I09 J110% 16.3963 4.5176 2.2998 1.4849 1.7462 1.6637 1.8882 1.8622 
I09 J110%+C140% 45.2324 6.3494 4.9093 5.8537 6.7868 5.5660 5.5350 5.4808 
I09 J110%+C60%+h-15d 72.1338 9.5992 8.6740 9.5038 9.1250 9.1762 8.7848 9.1573 
I09 J110%+C80% 30.5201 5.0239 3.2134 3.3179 4.0062 3.3268 3.6736 3.2890 
I09 J110%+C80%+h+5d 41.9940 6.3319 4.8607 5.7059 6.6080 5.4386 5.3658 5.3431 
I09 J110%+h+10d 34.3928 6.0379 4.5335 4.1389 4.0645 4.0645 4.2340 4.2279 
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I09 J110%+h-15d 50.4834 7.3175 6.1234 5.8859 5.8173 5.8173 5.8991 5.8808 
I09 J120% 26.3039 8.8103 4.7763 3.3911 4.1211 3.6082 3.2183 3.2078 
I09 J120%+C120% 32.3708 9.3158 5.6559 5.0183 4.5090 4.5423 4.5330 4.5949 
I09 J120%+C60% 58.4419 9.9700 6.7175 7.2641 6.5843 6.6597 6.2043 6.6135 
I09 J120%+h-10d 44.6438 9.6861 6.2770 5.3283 4.9930 5.0021 5.0872 5.0911 
I09 J120%+h+15d 60.4086 10.3933 7.2163 6.5096 6.1871 6.2013 6.1665 6.2017 
I09 J120%+h+5d 35.5156 8.9914 5.0999 3.8915 4.5565 4.0679 3.6930 3.6844 
I09 J80% 27.5779 10.0795 5.1249 3.3122 4.2368 3.6078 2.9726 2.9686 
I09 J80%+C140% 39.7753 10.3504 5.8217 4.9882 4.3045 4.3492 4.3625 4.4353 
I09 J80%+C140%+h+10d 46.7997 10.9596 6.8167 6.0826 5.5327 5.5679 5.3378 5.4965 
I09 J80%+C80% 33.4974 10.5823 5.9524 5.1059 4.3897 4.4368 4.3611 4.4747 
I09 J80%+h-10d 30.0994 10.9055 6.5023 5.1187 4.6313 4.6423 4.7282 4.7328 
I09 J80%+h+15d 45.2428 11.6305 7.6735 6.5419 6.1626 6.1714 6.1244 6.1348 
I09 J80%+h+5d 33.1402 10.2536 5.4684 3.8243 4.6554 4.0820 3.4736 3.4729 
I09 J90% 14.1003 4.8655 2.4774 1.6039 2.1644 1.9576 2.0315 2.0012 
I09 J90%+C120% 29.6362 5.1419 3.0509 2.8673 3.5176 2.9662 3.2432 2.9348 
I09 J90%+C60% 53.5341 7.3998 5.9583 7.2925 8.4578 6.9081 6.8363 6.8181 
I09 J90%+h-10d 41.3531 6.2980 4.5981 4.1505 4.0607 4.0607 4.2648 4.2528 
I09 J90%+h+5d 21.5667 5.2362 3.1401 2.5003 2.9076 2.7455 2.7725 2.7464 
I10 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I10 C120% 5.2540 0.9077 0.8741 1.0776 1.4775 1.0271 1.3383 1.0271 
I10 C140% 18.0248 1.8633 1.7755 2.1114 2.2228 2.0232 2.3896 2.0282 
I10 C60% 41.5621 2.7678 2.7645 3.6045 4.1860 3.3938 3.8613 3.3938 
I10 C80% 22.3576 1.1861 1.1844 1.5714 2.2638 1.4743 1.9430 1.4743 
I10 h+10d 14.5091 1.7262 1.7234 1.7290 1.7482 1.7274 1.7397 1.7274 
I10 h-10d 5.1586 1.5432 1.5302 1.5341 1.5603 1.5333 1.5492 1.5333 
I10 h+15d 30.8251 2.5205 2.5157 2.5258 2.5303 2.5227 2.5397 2.5230 
I10 h-15d 8.9219 2.3069 2.2856 2.2913 2.2969 2.2889 2.3086 2.2902 
I10 h+5d 7.7342 0.8852 0.8836 0.8864 0.8962 0.8857 0.8937 0.8856 
I10 h-5d 4.7321 0.7787 0.7730 0.7753 0.7886 0.7748 0.7854 0.7747 
I10 J110% 5.7508 3.4130 1.7917 1.1891 1.3783 1.3223 1.5292 1.5123 
I10 J110%+C120%+h-15d 22.6974 4.9248 3.5907 3.4343 3.2641 3.2641 3.6075 3.4559 
I10 J110%+C140% 23.7679 4.2358 2.7780 2.6918 3.2455 2.7688 2.9600 2.7219 
I10 J110%+C80% 26.1857 3.8602 2.3979 2.2275 2.7348 2.3315 2.6069 2.3438 
I10 J110%+h+10d 17.4005 4.1466 2.7618 2.2988 2.4475 2.3983 2.5346 2.5144 
I10 J110%+h-15d 15.3565 4.4601 3.1991 2.8129 3.0920 2.9654 3.0055 2.9687 
I10 J110%+h-5d 7.2538 3.5754 2.0783 1.5555 1.7145 1.6687 1.8366 1.8263 
I10 J120% 10.5820 6.4928 3.4444 2.3227 3.0245 2.7756 2.6727 2.6547 
I10 J120%+C120% 10.8505 6.6207 3.7319 2.9125 2.6372 2.6372 3.0990 3.0113 
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I10 J120%+C60% 46.6547 7.5457 4.7814 4.5691 5.4545 4.5308 4.1727 4.1803 
I10 J120%+h-10d 16.3318 6.7846 3.9753 3.0109 2.7871 2.7871 3.2096 3.1946 
I10 J120%+h+15d 34.8289 7.4850 4.7240 3.8013 4.2762 3.9473 3.8496 3.8358 
I10 J120%+h+5d 14.9012 6.6197 3.6212 2.5569 2.3057 2.3057 2.8483 2.8280 
I10 J80% 8.4457 10.9944 5.5906 3.6173 2.7900 2.8108 2.8678 2.8823 
I10 J80%+C140% 28.9911 11.1786 6.1236 4.4670 3.7102 3.7340 3.4952 3.5569 
I10 J80%+C80% 8.8778 11.3192 6.0600 4.5488 3.7107 3.7457 3.3688 3.5114 
I10 J80%+h+10d 20.9370 11.3786 6.2490 4.4529 3.7199 3.7379 3.6249 3.6448 
I10 J80%+h-15d 42.0885 11.8597 6.9028 5.1820 4.4820 4.4988 4.2183 4.2429 
I10 J80%+h-5d 19.4023 11.0914 5.7650 3.8534 3.0677 3.0870 3.0907 3.1057 
I10 J90% 1.4289 5.3085 2.6942 1.7333 2.3459 2.1221 2.1325 2.1063 
I10 J90%+C120% 5.4508 5.4378 3.0046 2.2543 2.8632 2.5650 2.5555 2.4746 
I10 J90%+C60% 44.1261 6.8570 4.6673 4.7901 4.2399 4.2879 4.3259 4.3729 
I10 J90%+h+10d 30.3633 6.0256 3.7330 2.9370 2.7470 2.7470 3.1341 3.1185 
I10 J90%+h+15d 22.9219 6.6448 4.4659 3.7101 3.5248 3.5248 3.7875 3.7751 
I10 J90%+h+5d 5.6569 5.5296 3.0640 2.1955 2.7420 2.5432 2.5061 2.4875 
I11 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I11 C120% 27.4309 2.3191 2.3069 2.9285 3.4137 2.7623 3.1691 2.7621 
I11 C140% 41.1301 4.4851 4.4642 5.4919 5.1614 5.2118 4.9980 5.2117 
I11 C60% 62.6461 6.1268 6.1227 8.2585 7.6207 7.7201 6.9768 7.7201 
I11 C80% 42.7514 2.8119 2.8095 3.8053 3.5526 3.5526 4.0628 3.5528 
I11 h+10d 29.8086 4.5207 4.5184 4.4659 4.4407 4.4775 4.4498 4.4775 
I11 h-10d 31.9168 3.9994 3.9801 3.9482 3.9678 3.9510 3.9574 3.9509 
I11 h+15d 40.0199 6.5730 6.5696 6.5059 6.4819 6.5191 6.5074 6.5190 
I11 h-15d 42.5908 5.8727 5.8497 5.8163 5.8142 5.8142 5.8171 5.8153 
I11 h+5d 19.5543 2.2794 2.2774 2.2473 2.2166 2.2541 2.2263 2.2541 
I11 h-5d 20.5291 2.0498 2.0429 2.0194 2.0473 2.0233 2.0248 2.0233 
I11 J110% 22.0428 3.3833 1.7845 1.2371 1.4196 1.3530 1.5732 1.5289 
I11 J110%+C120% 22.9356 4.3774 3.1675 3.6693 4.3206 3.4937 3.6945 3.4637 
I11 J110%+C60% 57.8271 6.9656 6.2534 8.1364 7.4810 7.5780 6.7622 7.5614 
I11 J110%+h-10d 32.2139 5.5985 4.6803 4.3815 4.3537 4.3537 4.4186 4.4429 
I11 J110%+h+15d 37.4150 7.5137 6.7985 6.5663 6.6201 6.6027 6.5571 6.5617 
I11 J110%+h+5d 37.3625 4.1012 2.8512 2.4783 2.5776 2.5516 2.6371 2.6356 
I11 J120% 36.6695 6.5468 3.4619 2.4107 2.1486 2.1486 2.6960 2.6565 
I11 J120%+C140% 42.8337 8.2671 5.8935 6.6326 6.0261 6.0979 5.1170 5.9749 
I11 J120%+C80% 55.8982 6.9472 4.1190 3.8260 4.6047 3.7859 3.6781 3.5911 
I11 J120%+h-10d 40.8134 8.0340 5.6952 4.9876 5.2712 5.0937 4.9433 4.9462 
I11 J120%+h+15d 54.3604 9.3916 7.3607 6.7801 6.6263 6.6278 6.6472 6.6432 
I11 J120%+h+5d 35.1019 6.8938 4.0131 3.0946 2.8964 2.8964 3.2354 3.2194 
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I11 J80% 26.4008 7.4824 4.1578 3.1571 2.8545 2.8545 3.3217 3.2512 
I11 J80%+C60% 65.1120 10.2665 7.8962 9.5156 8.6688 8.7793 7.0907 8.6410 
I11 J80%+h+10d 34.3394 9.0167 6.3385 5.5350 5.9005 5.6526 5.4125 5.4119 
I11 J80%+h-15d 40.6724 9.1677 6.7207 6.4342 6.0959 6.1198 6.0848 6.1406 
I11 J80%+h-5d 26.9757 7.5685 4.4069 3.6555 4.3080 3.7391 3.7378 3.6446 
I11 J90% 18.9816 3.6179 1.9591 1.4299 1.6236 1.5396 1.7895 1.7137 
I11 J90%+C120%+h+5d 34.0513 6.8142 5.8128 6.3168 5.9746 6.0161 5.6400 5.9779 
I11 J90%+C140% 38.2691 6.0671 5.0499 5.5433 5.2149 5.2551 5.0524 5.2450 
I11 J90%+C80% 36.5178 4.9062 3.7172 4.4654 5.2428 4.2337 4.4761 4.2014 
I11 J90%+h-10d 39.6087 5.1517 4.1158 4.0020 3.9053 3.9053 4.1221 4.0176 
I11 J90%+h+15d 38.6911 7.6922 6.9471 6.7066 6.7657 6.7443 6.6961 6.7006 
I11 J90%+h+5d 15.7844 4.4927 3.2014 2.8056 3.0192 2.9501 2.9623 2.9666 
I12 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I12 C120% 10.8151 2.0195 1.9895 2.5928 2.7697 2.4407 3.0497 2.4422 
I12 C140% 32.5267 3.7782 3.7147 4.8479 4.5577 4.5577 4.9034 4.5605 
I12 C60% 48.4601 4.8083 4.8056 6.3947 7.3740 5.9972 6.2526 5.9971 
I12 C80% 24.5664 2.2852 2.2834 3.0370 3.2527 2.8484 3.5307 2.8485 
I12 h+10d 14.6214 2.6097 2.6041 2.6434 2.7371 2.6330 2.6875 2.6330 
I12 h-10d 22.0534 2.7037 2.7020 2.7322 2.7433 2.7235 2.7686 2.7236 
I12 h+15d 24.0735 3.8178 3.8114 3.8703 3.8903 3.8542 3.9109 3.8545 
I12 h-15d 27.3641 4.0963 4.0946 4.1335 4.1709 4.1221 4.1604 4.1221 
I12 h+5d 7.6112 1.3118 1.3077 1.3259 1.3719 1.3211 1.3582 1.3210 
I12 h-5d 11.0070 1.3430 1.3413 1.3577 1.4018 1.3531 1.3881 1.3531 
I12 J110% 20.7359 3.2099 1.8600 1.4939 1.6777 1.5680 1.8555 1.7128 
I12 J110%+C140% 33.0433 4.6980 3.9857 4.8735 5.5910 4.6257 4.9017 4.6111 
I12 J110%+C80% 38.6158 4.0529 2.9184 3.3207 3.9586 3.2373 3.6753 3.2206 
I12 J110%+h-10d 22.1165 4.1735 3.1799 3.0272 3.2573 3.0915 3.1939 3.0975 
I12 J110%+h+15d 38.5271 5.0956 4.3463 4.3065 4.5116 4.3326 4.3997 4.3144 
I12 J110%+h+5d 22.7715 3.5068 2.3150 2.0621 2.2000 2.1056 2.3311 2.2054 
I12 J120% 25.8796 6.0711 3.4966 2.8199 2.5445 2.5445 3.0658 2.9419 
I12 J120%+C120% 25.3368 6.0645 3.8101 3.6047 3.3492 3.3492 3.8287 3.5954 
I12 J120%+C60% 56.0123 8.0509 5.9603 6.9324 6.3288 6.4048 6.1125 6.4019 
I12 J120%+h-10d 26.9048 6.6907 4.3791 3.9229 3.7216 3.7216 3.9829 3.9021 
I12 J120%+h+15d 47.2320 7.4084 5.3850 5.0387 5.4253 5.0622 5.0055 4.9637 
I12 J120%+h+5d 32.3264 6.2876 3.8228 3.2065 2.9729 2.9729 3.3891 3.2882 
I12 J80% 18.2066 7.5599 3.8433 2.4887 2.1529 2.1529 2.7070 2.6805 
I12 J80%+C140% 46.4310 8.0354 4.8747 4.7337 5.6189 4.6469 4.3323 4.3490 
I12 J80%+C80% 26.8661 8.0572 4.7205 4.3756 5.2383 4.3330 4.1597 4.0856 
I12 J80%+C80%+h-5d 46.2221 8.2250 5.1121 4.9882 5.8492 4.9016 4.5741 4.6059 
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I12 J80%+h+10d 30.0479 8.0078 4.6469 3.6186 4.1471 3.7687 3.6617 3.6418 
I12 J80%+h-15d 33.3587 8.6086 5.6273 4.8192 5.2517 4.9295 4.7377 4.7282 
I12 J80%+h-5d 13.1944 7.6673 4.0704 2.8378 2.5435 2.5435 2.9919 2.9662 
I12 J90% 3.6198 3.6735 1.8721 1.2200 1.4347 1.3623 1.6018 1.5647 
I12 J90%+C120% 14.3838 4.1077 2.5692 2.6028 3.1604 2.6254 2.9771 2.6212 
I12 J90%+C60% 51.5102 6.2296 5.3298 6.7381 7.8015 6.3554 6.3097 6.3046 
I12 J90%+h-10d 23.5370 4.5868 3.3163 3.0145 3.2407 3.1268 3.1722 3.1330 
I12 J90%+h+15d 30.8474 5.3991 4.3284 4.1180 4.3065 4.1966 4.2064 4.1712 
I12 J90%+h+5d 11.7458 3.9589 2.3392 1.8486 2.0040 1.9467 2.1198 2.0865 
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1.2 Dim 
Image Manipulation visual CIEDE00(1:1:1) 
CIEDE00
(2:1:1) 
CIEDE00
(2.64 
:0.78:1) 
CIEDE00 
optimiz
ed 
optimize
d 
:1) 
CIEDE00 
(optimized 
:0.8:1) 
DE00 
(kL_Soo 
:kC_Soo:1) 
DE00 
(kL_Soo 
:0.8:1) 
I01 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I01 C120% 13.6760 1.2418 1.2405 1.4876 1.9398 1.4592 1.9089 1.4592 
I01 C140% 28.3961 2.3993 2.3974 2.8266 3.0876 2.7770 3.3559 2.7770 
I01 C60% 51.4603 3.0517 3.0503 3.8246 4.5359 3.7361 4.4432 3.7362 
I01 C80% 30.5827 1.4529 1.4517 1.8336 2.5223 1.7900 2.3936 1.7900 
I01 h+10d 21.8149 1.5843 1.5822 1.6325 1.7361 1.6265 1.7295 1.6264 
I01 h-10d 20.6489 1.6793 1.6775 1.7216 1.8118 1.7163 1.8042 1.7163 
I01 h+15d 38.6293 2.5653 2.5625 2.6196 2.7424 2.6126 2.7120 2.6126 
I01 h-15d 26.3849 2.5581 2.5562 2.5896 2.6633 2.5855 2.6444 2.5855 
I01 h+5d 11.1423 0.6847 0.6838 0.6923 0.7110 0.6913 0.7135 0.6912 
I01 h-5d 12.6904 0.7302 0.7293 0.7348 0.7473 0.7341 0.7488 0.7341 
I01 J110% 10.9107 4.2729 2.2042 1.7443 1.8902 1.7007 1.8436 1.8070 
I01 J110%+C120%+h-15d 45.0196 6.4878 4.9838 5.1579 5.7273 5.1621 5.2656 5.1602 
I01 J110%+C140%+h+15d 28.7880 5.7336 4.0633 4.0228 4.1815 3.9976 4.2148 4.0614 
I01 J110%+C60%+h-5d 32.3155 5.5948 3.9782 4.1658 4.3877 4.1147 4.3847 4.1744 
I01 J110%+C80%+h+15d 33.9651 5.7336 4.0633 4.0228 4.1815 3.9976 4.2148 4.0614 
I01 J110%+h+10d 28.9948 4.9459 3.1284 2.7408 2.8505 2.7068 2.8272 2.8110 
I01 J110%+h-15d 31.5283 5.5150 3.8629 3.5596 3.6366 3.5651 3.6620 3.6250 
I01 J110%+h-5d 14.3532 4.4309 2.4780 2.0644 2.1971 2.0254 2.1593 2.1263 
I01 J120% 22.0326 8.1064 4.1829 3.3086 3.9813 3.5123 3.4894 3.4839 
I01 J120%+C140% 34.6287 8.8294 5.2961 4.9976 5.0606 5.0704 4.8666 4.9841 
I01 J120%+C80% 39.3271 8.2481 4.3996 3.6903 4.4131 3.8646 3.8212 3.8191 
I01 J120%+h-10d 22.2819 8.4252 4.7365 3.9489 4.5521 4.1305 4.0893 4.0884 
I01 J120%+h+15d 40.0616 9.0803 5.5307 4.7752 4.8953 4.9055 4.8716 4.8749 
I01 J120%+h+5d 23.0315 8.2733 4.4371 3.5977 4.2368 3.7917 3.7595 3.7566 
I01 J80% 16.9546 9.6192 5.0772 4.1370 4.2920 4.3059 4.2741 4.2817 
I01 J80%+C120% 27.7538 9.7193 5.2406 4.2996 4.4531 4.4666 4.4343 4.4409 
I01 J80%+C140%+h+5d 27.9635 9.8723 5.5112 4.7058 4.8395 4.8523 4.7835 4.8059 
I01 J80%+C60% 49.3715 10.8120 6.7084 6.6240 6.6675 6.6790 6.0593 6.4427 
I01 J80%+C60%+h+10d 27.4644 9.8824 5.5495 4.7518 4.8839 4.8966 4.8228 4.8468 
I01 J80%+C80%+h-10d 52.5696 10.5393 6.3415 5.5617 5.6900 5.7022 5.5674 5.6066 
I01 J80%+h+10d 28.5676 9.8443 5.4597 4.6246 4.7629 4.7759 4.7057 4.7266 
I01 J80%+h-15d 35.4196 10.3796 6.1362 5.2453 5.3902 5.4028 5.3128 5.3274 
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I01 J80%+h-5d 23.6541 9.7474 5.2647 4.3254 4.4792 4.4928 4.4560 4.4637 
I01 J90% 5.6566 4.6517 2.4504 1.9920 2.1693 1.9436 2.1232 2.0620 
I01 J90%+C140% 33.0442 5.4592 3.5519 3.4280 3.5908 3.4075 3.6660 3.4778 
I01 J90%+C80% 26.2725 5.1269 3.1697 3.1223 3.3178 3.0918 3.4093 3.1661 
I01 J90%+h-10d 24.0374 5.2982 3.3234 2.9123 3.0455 2.8735 3.0187 2.9913 
I01 J90%+h+15d 27.6624 5.6423 3.8304 3.5380 3.6361 3.5394 3.6729 3.6056 
I01 J90%+h+5d 11.9799 4.7115 2.6287 2.2321 2.4144 2.1858 2.3711 2.2968 
I02 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I02 C120% 24.0753 1.7134 1.7104 2.1841 3.0351 2.1301 2.8907 2.1301 
I02 C140% 37.5309 3.3645 3.3607 4.3080 5.1723 4.2000 5.0865 4.2001 
I02 C60% 40.3004 4.0308 4.0287 5.1291 5.7839 5.0037 6.0550 5.0038 
I02 C80% 11.9947 1.8880 1.8856 2.3996 3.3234 2.3410 3.1672 2.3410 
I02 h+10d 22.2288 2.5999 2.5984 2.6171 2.6631 2.6146 2.6528 2.6146 
I02 h-10d 21.7510 2.6533 2.6519 2.6764 2.7300 2.6734 2.7177 2.6734 
I02 h+15d 27.0850 3.8673 3.8657 3.8877 3.9050 3.8847 3.9214 3.8847 
I02 h-15d 31.9726 3.9699 3.9686 4.0085 4.0353 4.0036 4.0568 4.0036 
I02 h+5d 13.6283 1.2526 1.2510 1.2620 1.2872 1.2606 1.2880 1.2605 
I02 h-5d 17.1264 1.3067 1.3052 1.3152 1.3383 1.3140 1.3387 1.3139 
I02 J110% 10.6231 3.7622 1.9336 1.5296 1.6532 1.4724 1.5829 1.5368 
I02 J110%+C120% 27.2351 4.3719 2.8405 3.0107 3.3620 2.9242 3.4913 2.9862 
I02 J110%+C60% 43.5043 5.4629 4.3746 5.1890 6.1489 5.0620 5.8203 5.1036 
I02 J110%+h-10d 23.7904 4.7538 3.4096 3.1838 3.2604 3.1516 3.2421 3.2080 
I02 J110%+h+15d 35.2215 5.5238 4.4096 4.2450 4.3253 4.2266 4.3063 4.2714 
I02 J110%+h+5d 16.0056 4.0196 2.3882 2.0741 2.1739 2.0302 2.1315 2.0877 
I02 J120% 20.0622 7.3163 3.7280 2.9148 3.0789 2.9397 3.1264 3.0993 
I02 J120%+C120%+h-15d 52.4796 9.8855 7.3814 7.6693 8.5362 7.6705 7.5523 7.6316 
I02 J120%+C140% 37.9819 8.4945 5.4943 5.8189 6.8567 5.8255 5.9097 5.8120 
I02 J120%+C80% 26.8670 7.4388 4.0321 3.5346 3.7454 3.5272 3.8027 3.6637 
I02 J120%+C80%+h+15d 50.2713 9.2534 6.5600 6.7724 6.7525 6.7583 6.6006 6.7261 
I02 J120%+h-15d 31.0149 8.5394 5.6659 5.1495 5.2597 5.1621 5.2816 5.2659 
I02 J120%+h-5d 22.2044 7.4735 4.0175 3.2734 3.4217 3.2956 3.4660 3.4423 
I02 J80% 20.2498 7.8290 4.0340 3.2072 3.3895 3.2299 3.4435 3.4028 
I02 J80%+C120% 31.1989 7.8174 4.1143 3.4359 3.6366 3.4430 3.6895 3.6015 
I02 J80%+C60% 37.0692 9.1856 6.0442 6.4406 7.5768 6.4431 6.5669 6.4318 
I02 J80%+C60%+h+15d 49.2409 9.2221 6.2669 6.0562 6.7511 6.1259 6.0771 6.0903 
I02 J80%+h-10d 24.9041 8.3484 4.9322 4.2858 4.4356 4.3006 4.4726 4.4392 
I02 J80%+h+5d 19.1087 7.9734 4.2964 3.5201 3.6848 3.5417 3.7335 3.7020 
I02 J90% 7.8727 3.8935 2.0133 1.6055 1.7363 1.5460 1.6704 1.6148 
I02 J90%+C140% 36.2948 4.8696 3.5831 4.1190 4.8772 4.0156 4.6587 4.0653 
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I02 J90%+C140%+h-10d 36.7900 5.8552 4.8041 5.2367 5.8669 5.1526 5.5940 5.1969 
I02 J90%+C60%+h-15d 53.4456 6.8210 5.9132 6.3085 6.5129 6.2476 6.5141 6.2732 
I02 J90%+h+10d 25.6643 4.8249 3.4035 3.1521 3.2285 3.1186 3.2048 3.1784 
I02 J90%+h-15d 32.0231 5.7270 4.5515 4.3947 4.4940 4.3731 4.4707 4.4228 
I02 J90%+h-5d 15.1085 4.1517 2.4599 2.1383 2.2466 2.0915 2.2062 2.1537 
I03 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I03 C120% 26.0698 0.7700 0.7691 0.9786 1.3550 0.9547 1.3737 0.9547 
I03 C140% 44.2100 1.6428 1.6413 2.0857 2.8844 2.0351 2.7473 2.0351 
I03 C60% 52.3215 2.0079 2.0066 2.5385 3.4955 2.4779 3.2990 2.4779 
I03 C80% 20.0970 0.8622 0.8614 1.0937 1.5113 1.0672 1.5278 1.0672 
I03 h+10d 22.9270 1.0676 1.0671 1.0730 1.0864 1.0723 1.0875 1.0722 
I03 h-10d 18.7555 1.0303 1.0299 1.0350 1.0466 1.0344 1.0477 1.0344 
I03 h+15d 29.6783 1.6502 1.6496 1.6615 1.6876 1.6600 1.6870 1.6600 
I03 h-15d 26.1374 1.5332 1.5328 1.5409 1.5590 1.5399 1.5588 1.5399 
I03 h+5d 10.9450 0.5215 0.5208 0.5243 0.5326 0.5239 0.5342 0.5238 
I03 h-5d 4.6377 0.4852 0.4845 0.4880 0.4963 0.4876 0.4980 0.4876 
I03 J110% 9.9231 2.8908 1.4876 1.1768 1.2777 1.1701 1.1998 1.1592 
I03 J110%+C80% 29.4799 3.1087 1.8094 1.6942 2.0653 1.6709 1.9297 1.6731 
I03 J110%+h-15d 40.3555 3.6432 2.5259 2.3140 2.3894 2.2817 2.3604 2.3170 
I03 J110%+h-5d 17.7776 3.0069 1.6849 1.4116 1.5105 1.4051 1.4417 1.3989 
I03 J120% 18.7555 5.7688 2.9454 2.3104 2.5030 2.2518 2.4557 2.4185 
I03 J120%+C120% 21.4645 5.9625 3.3065 2.9563 3.3259 2.8815 3.2314 3.0348 
I03 J120%+C120%+h-10d 55.6030 6.5021 4.1083 4.0078 4.2281 3.9757 4.3116 4.0661 
I03 J120%+C140%+h+10d 45.9433 6.5555 4.1628 4.0550 4.2733 4.0238 4.3460 4.1158 
I03 J120%+C140%+h-5d 45.0351 6.3422 3.8894 3.8106 4.0426 3.7750 4.1397 3.8661 
I03 J120%+C60%+h+5d 52.1983 6.3671 3.9275 3.8526 4.0833 3.8169 4.1744 3.9078 
I03 J120%+h-10d 26.4433 5.9965 3.3441 2.7892 2.9664 2.7373 2.9274 2.8895 
I03 J120%+h+15d 42.6915 6.3173 3.7815 3.2490 3.3987 3.2026 3.3715 3.3510 
I03 J120%+h+5d 20.0430 5.8388 3.0647 2.4506 2.6311 2.3952 2.5881 2.5565 
I03 J80% 20.8051 5.7111 2.9567 2.3643 2.5726 2.3050 2.5262 2.4725 
I03 J80%+C120%+h-5d 52.2962 5.9748 3.3552 2.9749 3.3031 2.9061 3.2135 3.0625 
I03 J80%+C140% 49.4670 5.9091 3.2614 2.8849 3.2256 2.8138 3.1332 2.9718 
I03 J80%+h+10d 27.8939 5.9007 3.3157 2.8177 3.0265 2.7631 2.9804 2.9130 
I03 J80%+h-5d 18.0508 5.7506 3.0488 2.4740 2.6687 2.4180 2.6258 2.5790 
I03 J90% 8.6902 2.8802 1.4919 1.1904 1.2996 1.1832 1.2219 1.1741 
I03 J90%+C120% 27.6305 3.0199 1.7015 1.5399 1.8429 1.5208 1.7262 1.5217 
I03 J90%+C120%+h-10d 59.5992 3.7593 2.6466 2.6987 2.9289 2.6392 3.0355 2.6824 
I03 J90%+C120%+h+5d 50.6645 3.4836 2.3237 2.3846 2.6285 2.3205 2.7468 2.3646 
I03 J90%+C60% 45.1405 3.8851 2.8576 3.1924 3.5682 3.1056 3.7474 3.1500 
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I03 J90%+h-10d 24.3228 3.2535 2.0398 1.7936 1.8728 1.7884 1.8195 1.7904 
I03 J90%+h+15d 32.6664 3.6561 2.5758 2.4034 2.4910 2.3703 2.4856 2.4032 
I03 J90%+h-5d 11.9011 2.9902 1.6695 1.3917 1.4830 1.3857 1.4167 1.3806 
I04 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I04 C120% 20.4212 1.7454 1.7360 2.1490 2.3976 2.1015 2.6197 2.1016 
I04 C140% 25.7069 2.8807 2.8653 3.4537 4.0006 3.3858 3.8570 3.3862 
I04 C60% 55.8538 6.4711 6.4689 8.2707 8.0656 8.0656 7.1278 8.0656 
I04 C80% 30.7382 2.9830 2.9812 3.8073 4.0654 3.7132 4.1718 3.7132 
I04 h+10d 43.6713 5.1221 5.1191 5.1174 5.1179 5.1173 5.1180 5.1174 
I04 h-10d 40.5857 5.3022 5.2997 5.3262 5.3359 5.3228 5.3385 5.3229 
I04 h+15d 54.5567 7.4673 7.4627 7.4518 7.4527 7.4527 7.4539 7.4527 
I04 h-15d 58.1632 8.0415 8.0379 8.0774 8.0725 8.0725 8.0690 8.0725 
I04 h+5d 24.4766 2.6350 2.6323 2.6347 2.6375 2.6342 2.6406 2.6343 
I04 h-5d 26.5865 2.6438 2.6416 2.6543 2.6637 2.6526 2.6739 2.6527 
I04 J110% 15.3849 4.4742 2.5063 2.1269 2.2853 2.0623 2.2603 2.1666 
I04 J110%+C140% 28.1463 6.1436 4.6992 5.0961 5.7483 5.0693 5.1487 5.0645 
I04 J110%+C80% 35.2566 5.0158 3.4868 3.8509 4.0950 3.7835 4.1134 3.8273 
I04 J110%+h+10d 50.0749 6.8619 5.7024 5.6307 5.8450 5.6557 5.6759 5.6537 
I04 J110%+h-5d 26.9487 5.2449 3.7801 3.5554 3.6575 3.5310 3.6336 3.5978 
I04 J120% 23.6745 8.7220 5.0474 4.3454 5.0223 4.5150 4.5258 4.5019 
I04 J120%+C120% 37.1197 9.4277 6.1254 6.0074 6.0355 6.0433 5.7794 5.9518 
I04 J120%+C60% 54.6580 10.2036 7.4902 8.5209 8.4054 8.4103 7.1399 8.2243 
I04 J120%+h-10d 45.5622 10.3496 7.6862 7.2849 7.3454 7.3512 7.2634 7.2862 
I04 J120%+h+15d 57.2678 11.5656 9.0625 8.9237 8.9511 8.9561 8.6196 8.7985 
I04 J80% 28.4249 9.5699 5.1308 4.3596 5.2248 4.5535 4.5355 4.5178 
I04 J80%+C120%+h-15d 64.5169 13.6834 10.9989 11.0023 11.0113 11.0165 10.4283 10.7877 
I04 J80%+C140% 38.5462 9.5212 5.4140 4.9287 5.8108 5.0667 4.9988 5.0112 
I04 J80%+C80% 33.2353 10.3160 6.2567 6.2819 6.2950 6.3045 5.8497 6.1652 
I04 J80%+C80%+h+5d 52.4512 10.0781 6.4055 5.9404 6.0133 6.0221 5.8787 5.9463 
I04 J80%+h+10d 45.2795 10.6506 7.0432 6.4306 6.5248 6.5334 6.4479 6.4666 
I04 J80%+h-5d 35.6269 10.0235 5.8366 5.2441 5.3434 5.3545 5.2935 5.3222 
I04 J90% 21.2790 4.6306 2.4588 2.0554 2.2386 1.9825 2.2176 2.1012 
I04 J90%+C120% 12.6694 4.6800 2.7290 2.5552 2.8790 2.4961 2.8195 2.5849 
I04 J90%+C60% 59.0733 8.3515 7.2450 8.9286 8.7368 8.7385 7.3941 8.6768 
I04 J90%+C80%+h-15d 64.6835 10.8718 10.1173 10.3818 10.3525 10.3538 10.1135 10.3204 
I04 J90%+h-10d 44.9384 7.2026 5.9143 5.8216 6.0616 5.8511 5.8746 5.8493 
I04 J90%+h+5d 29.5394 5.2338 3.5129 3.2237 3.3339 3.1951 3.3091 3.2750 
I05 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I05 C120% 23.5312 1.6700 1.6662 2.0976 2.8775 2.0482 2.7152 2.0482 
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I05 C140% 30.9052 3.0921 3.0820 3.8819 4.3603 3.7903 4.5454 3.7906 
I05 C60% 43.9262 3.9990 3.9970 5.0931 6.0937 4.9682 5.7582 4.9682 
I05 C80% 26.2432 1.9095 1.9074 2.4173 3.3370 2.3591 3.1035 2.3591 
I05 h+10d 22.8940 2.3943 2.3926 2.4185 2.4775 2.4153 2.4653 2.4153 
I05 h-10d 22.7830 2.4638 2.4610 2.4820 2.5311 2.4793 2.5202 2.4793 
I05 h+15d 29.3373 3.5943 3.5923 3.6329 3.6611 3.6278 3.6875 3.6279 
I05 h-15d 33.1687 3.7304 3.7269 3.7561 3.7769 3.7523 3.7949 3.7524 
I05 h+5d 8.1730 1.2008 1.1987 1.2132 1.2461 1.2114 1.2471 1.2113 
I05 h-5d 8.4750 1.2120 1.2094 1.2214 1.2495 1.2199 1.2503 1.2198 
I05 J110% 6.7166 3.1337 1.7067 1.4359 1.6133 1.4245 1.5243 1.4266 
I05 J110%+C120%+h+10d 31.0453 5.3679 4.5361 5.1128 5.3683 5.0320 5.4019 5.0553 
I05 J110%+C140% 34.6931 4.8126 3.9045 4.6314 4.9328 4.5337 5.0549 4.5576 
I05 J110%+C80% 28.4174 3.5901 2.3721 2.4921 2.7667 2.4237 2.8996 2.4681 
I05 J110%+C80%+h+15d 37.3006 6.0331 5.2847 5.7638 5.9839 5.6952 5.9462 5.7162 
I05 J110%+h-10d 25.4295 4.1304 3.1083 2.9725 3.0555 2.9432 3.0566 2.9824 
I05 J110%+h+15d 30.1553 5.0560 4.1504 4.0309 4.1132 4.0134 4.0948 4.0501 
I05 J110%+h+5d 13.2306 3.4725 2.2084 1.9934 2.0882 1.9560 2.0699 1.9957 
I05 J120% 10.8546 6.0591 3.2408 2.6793 2.9288 2.6145 2.8745 2.7965 
I05 J120%+C120% 25.9809 6.5444 4.0110 3.9764 4.2230 3.9338 4.2570 4.0287 
I05 J120%+C120%+h-5d 41.0220 7.4634 5.2838 5.7649 6.6955 5.7407 5.8285 5.7312 
I05 J120%+C60% 48.4630 7.2166 4.8914 5.2667 6.1695 5.2593 5.4613 5.2580 
I05 J120%+h+10d 24.0037 6.7593 4.2826 3.8472 3.9633 3.8546 3.9992 3.9492 
I05 J120%+h-15d 34.1744 7.3093 5.1054 4.7659 4.8711 4.7685 4.8945 4.8501 
I05 J120%+h-5d 24.3312 6.1993 3.5109 3.0095 3.2417 2.9509 3.1899 3.1168 
I05 J80% 16.5615 6.6282 3.6024 3.0540 3.2275 3.0597 3.2841 3.1885 
I05 J80%+C120%+h-5d 31.6663 7.0187 4.3426 4.1517 4.3603 4.1254 4.3882 4.2248 
I05 J80%+C140% 30.0115 6.8392 4.0852 3.8850 4.1026 3.8576 4.1396 3.9612 
I05 J80%+C80% 24.0454 7.1713 4.4273 4.4286 4.7082 4.3781 4.6858 4.4816 
I05 J80%+h+10d 26.7010 7.0748 4.3629 3.9699 4.1247 3.9678 4.1624 4.0748 
I05 J80%+h-5d 24.4496 6.8045 3.8822 3.3613 3.5190 3.3676 3.5672 3.4895 
I05 J90% 7.3309 3.2900 1.7890 1.5134 1.6426 1.4622 1.6194 1.5090 
I05 J90%+C120% 17.2343 3.4794 2.1337 2.0923 2.3008 2.0337 2.3925 2.0786 
I05 J90%+C120%+h-10d 39.5438 5.1195 4.2118 4.5588 5.0851 4.4882 4.9024 4.5257 
I05 J90%+C120%+h+15d 42.2226 5.3635 4.5451 4.7864 5.2051 4.7306 5.0223 4.7664 
I05 J90%+C140%+h-15d 48.1294 6.0161 5.2085 5.5174 5.6875 5.4678 5.7418 5.4904 
I05 J90%+C60% 38.5840 5.5449 4.6695 5.6536 6.0318 5.5275 6.0501 5.5516 
I05 J90%+C80%+h+10d 26.4513 4.7124 3.7706 4.0677 4.5602 4.0012 4.4084 4.0398 
I05 J90%+h-10d 33.0433 4.3228 3.1892 3.0139 3.0939 2.9833 3.0853 3.0311 
I05 J90%+h+15d 29.2961 4.9642 4.0298 3.9585 4.0940 3.9343 4.0676 3.9715 
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I05 J90%+h+5d 11.6003 3.5283 2.1917 1.9898 2.1050 1.9475 2.1020 1.9909 
I06 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I06 C120% 20.3565 1.7492 1.7447 2.1964 2.4677 2.1445 2.7336 2.1446 
I06 C140% 30.8850 3.2257 3.2126 3.9936 4.7182 3.9037 4.4092 3.9042 
I06 C60% 51.8718 4.2721 4.2693 5.4392 5.8051 5.3058 5.7464 5.3059 
I06 C80% 30.1358 2.0065 2.0044 2.5511 2.8776 2.4886 3.1559 2.4887 
I06 h+10d 24.7190 2.7985 2.7966 2.8111 2.8463 2.8093 2.8356 2.8093 
I06 h-10d 19.4024 2.7680 2.7646 2.7800 2.8191 2.7780 2.8071 2.7780 
I06 h+15d 26.3086 4.1899 4.1876 4.2085 4.2236 4.2058 4.2324 4.2058 
I06 h-15d 33.2497 4.1383 4.1334 4.1568 4.1744 4.1536 4.1844 4.1538 
I06 h+5d 9.4390 1.3773 1.3756 1.3826 1.4000 1.3816 1.3996 1.3816 
I06 h-5d 13.0586 1.3650 1.3626 1.3692 1.3868 1.3683 1.3864 1.3683 
I06 J110% 12.1211 3.7893 1.9726 1.5763 1.7001 1.5197 1.6412 1.5930 
I06 J110%+C120% 22.0362 4.3227 2.8698 3.0579 3.5587 2.9837 3.4044 3.0496 
I06 J110%+C120%+h+10d 33.1925 5.6894 4.5653 5.0108 5.6390 4.9723 5.1298 4.9717 
I06 J110%+C60% 49.5603 5.7764 4.6351 5.4971 6.4065 5.4115 5.6139 5.4099 
I06 J110%+C60%+h-15d 35.2124 6.9404 6.0804 6.5796 7.1880 6.5306 6.5368 6.5242 
I06 J110%+C60%+h-5d 35.6735 5.4944 4.4246 5.0519 5.7835 4.9918 5.1602 4.9906 
I06 J110%+h+10d 32.8012 4.9466 3.6040 3.3726 3.4531 3.3509 3.4321 3.4069 
I06 J110%+h-15d 38.0457 5.7714 4.6940 4.5351 4.6146 4.5167 4.5949 4.5677 
I06 J110%+h-5d 20.2538 4.0728 2.4826 2.1805 2.2771 2.1381 2.2427 2.2026 
I06 J120% 29.0744 7.2053 3.7907 3.0448 3.2029 3.0659 3.2499 3.2193 
I06 J120%+C140% 41.0300 8.0575 5.3405 5.6165 5.5946 5.6006 5.4304 5.5668 
I06 J120%+C140%+h+10d 40.5687 8.5243 5.8849 6.0292 6.0223 6.0282 5.8590 5.9887 
I06 J120%+C80% 41.3654 7.4484 4.1337 3.6732 4.3524 3.7950 3.8881 3.7970 
I06 J120%+h-10d 37.2841 7.7518 4.7727 4.2080 4.6615 4.3360 4.3583 4.3383 
I06 J120%+h+15d 42.6175 8.6699 5.9267 5.4384 5.8346 5.5480 5.5479 5.5396 
I06 J120%+h+5d 33.1436 7.4126 4.1155 3.4316 3.5757 3.4502 3.6174 3.5914 
I06 J80% 15.1146 8.3114 4.2892 3.4124 4.1118 3.6178 3.6510 3.6218 
I06 J80%+C60% 45.5916 9.7223 6.5155 7.0322 6.9852 6.9924 6.5109 6.8972 
I06 J80%+C80%+h+5d 23.7671 8.7127 5.0381 4.5576 5.3090 4.6863 4.6953 4.6646 
I06 J80%+h+10d 28.1333 8.7815 5.1596 4.4760 5.0634 4.6347 4.6524 4.6307 
I06 J80%+h-5d 21.1738 8.4754 4.5603 3.7301 4.3815 3.9219 3.9465 3.9243 
I06 J90% 5.3142 4.0611 2.0958 1.6652 1.7995 1.6036 1.7395 1.6898 
I06 J90%+C140% 30.7911 5.1348 3.6938 3.9993 4.2226 3.9399 4.2768 3.9831 
I06 J90%+C80%+h+10d 28.1914 5.3370 3.9721 4.1321 4.3108 4.0897 4.3583 4.1328 
I06 J90%+h-10d 15.4395 5.0940 3.5933 3.3253 3.4156 3.3006 3.3924 3.3665 
I06 J90%+h+15d 29.8819 5.9675 4.7524 4.5724 4.6682 4.5505 4.6438 4.6106 
I06 J90%+h+5d 13.9396 4.3230 2.5721 2.2371 2.3477 2.1889 2.3130 2.2659 
 180 
 
I07 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I07 C120% 18.7208 2.6638 2.6527 3.3466 3.9987 3.2661 3.8152 3.2664 
I07 C140% 39.8610 4.7371 4.6480 5.8496 5.7109 5.7110 5.5518 5.7104 
I07 C60% 52.0254 5.7022 5.6983 7.3289 8.5655 7.1418 7.0374 7.1418 
I07 C80% 33.3087 2.7877 2.7850 3.5551 4.2736 3.4663 4.1372 3.4663 
I07 h+10d 25.4765 2.8152 2.8139 2.8331 2.8502 2.8303 2.8738 2.8303 
I07 h-10d 30.3183 2.7746 2.7688 2.7869 2.8073 2.7836 2.8345 2.7837 
I07 h+15d 38.3879 4.1719 4.1701 4.2037 4.2314 4.1990 4.2465 4.1991 
I07 h-15d 32.9423 4.0921 4.0805 4.1138 4.1741 4.1080 4.1636 4.1084 
I07 h+5d 14.3445 1.4316 1.4306 1.4395 1.4714 1.4381 1.4697 1.4381 
I07 h-5d 9.6615 1.4678 1.4665 1.4714 1.5000 1.4704 1.4977 1.4704 
I07 J110% 15.9325 2.6021 1.4294 1.2090 1.3529 1.1998 1.2756 1.1866 
I07 J110%+C120%+h+15d 45.3760 7.5029 6.8989 7.8002 7.6927 7.6937 7.1889 7.6724 
I07 J110%+C120%+h+5d 32.3691 6.3411 5.6822 6.8539 6.7175 6.7186 6.2079 6.7019 
I07 J110%+C140% 35.4385 6.0026 5.3517 6.5999 6.4560 6.4571 6.0031 6.4440 
I07 J110%+C80% 35.4617 3.7739 2.9317 3.4025 4.0333 3.3190 3.8527 3.3522 
I07 J110%+h-10d 24.4541 4.0730 3.3430 3.2462 3.2981 3.2287 3.3000 3.2554 
I07 J110%+h+15d 37.3692 5.0267 4.4517 4.4069 4.4846 4.3942 4.4650 4.4153 
I07 J110%+h+5d 18.9955 2.9676 1.9807 1.8288 1.9605 1.8212 1.8994 1.8220 
I07 J120% 24.2788 5.1132 2.7764 2.3180 2.5225 2.2651 2.4717 2.3870 
I07 J120%+C120% 21.4787 6.1969 4.2507 4.6429 5.4582 4.6260 4.7930 4.6239 
I07 J120%+C120%+h-5d 35.9363 7.8226 6.2134 7.3221 7.1966 7.1996 6.4779 7.1369 
I07 J120%+C80%+h+5d 31.6637 8.2197 6.5934 7.6710 7.5475 7.5506 6.6280 7.4604 
I07 J120%+h+10d 28.6327 5.8685 3.9244 3.6204 3.7892 3.5824 3.7465 3.6834 
I07 J120%+h-15d 42.1840 7.0064 5.3468 5.0868 5.1520 5.0906 5.1646 5.1450 
I07 J120%+h-5d 25.7684 5.5255 3.3842 2.9838 3.1509 2.9406 3.1126 3.0554 
I07 J80% 17.3877 5.3667 3.0232 2.6292 2.8908 2.5696 2.8325 2.6995 
I07 J80%+C140% 56.1853 6.7199 4.7386 5.0841 5.0501 5.0546 4.9669 5.0407 
I07 J80%+C80% 32.8031 6.5754 4.6185 5.1229 6.0247 5.0934 5.3091 5.0923 
I07 J80%+h-10d 30.9840 5.8522 3.8228 3.5949 3.8678 3.5425 3.7845 3.6525 
I07 J80%+h+15d 41.9057 6.8355 5.1181 4.9597 5.0631 4.9510 5.0904 5.0073 
I07 J80%+h+5d 17.5675 5.6493 3.4593 3.1213 3.3630 3.0681 3.3057 3.1893 
I07 J90% 6.5227 2.6709 1.4947 1.2882 1.4576 1.2774 1.3760 1.2664 
I07 J90%+C120% 24.8012 3.7404 2.8201 3.1458 3.6728 3.0741 3.4990 3.1153 
I07 J90%+C120%+h+10d 46.7338 5.7714 5.1222 5.8247 5.7413 5.7424 5.6489 5.7387 
I07 J90%+C60% 50.7763 6.6866 6.1985 7.8283 9.1570 7.6452 7.3289 7.6375 
I07 J90%+h+10d 20.3286 4.0017 3.2613 3.1970 3.2684 3.1753 3.2829 3.2001 
I07 J90%+h-15d 38.3852 4.7434 4.1478 4.1481 4.2875 4.1284 4.2472 4.1515 
I07 J90%+h-5d 7.0853 2.9708 1.9611 1.8220 1.9950 1.8119 1.9213 1.8134 
 181 
 
I08 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I08 C120% 9.1620 1.5911 1.5892 2.0161 2.7849 1.9674 2.6862 1.9673 
I08 C140% 25.6402 3.0268 3.0245 3.8511 4.3432 3.7569 4.6674 3.7570 
I08 C60% 44.6756 3.5411 3.5397 4.5003 5.0724 4.3908 5.4359 4.3908 
I08 C80% 23.5830 1.7086 1.7071 2.1657 2.9916 2.1134 2.8851 2.1134 
I08 h+10d 20.5052 1.8740 1.8726 1.9049 1.9747 1.9010 1.9699 1.9009 
I08 h-10d 12.6904 1.7935 1.7908 1.8220 1.8902 1.8181 1.8863 1.8181 
I08 h+15d 25.4378 2.8428 2.8415 2.8895 2.9933 2.8837 2.9691 2.8836 
I08 h-15d 22.3171 2.7067 2.7032 2.7512 2.8564 2.7453 2.8336 2.7453 
I08 h+5d 13.1134 0.9224 0.9205 0.9355 0.9686 0.9337 0.9722 0.9336 
I08 h-5d 6.9073 0.8866 0.8839 0.8981 0.9303 0.8963 0.9340 0.8962 
I08 J110% 29.2659 3.9623 2.3228 1.9759 2.0895 1.9250 2.0439 1.9955 
I08 J110%+C140% 27.4961 5.1666 4.0441 4.5891 5.3259 4.4898 5.0707 4.5351 
I08 J110%+C80% 32.4618 4.3183 2.8445 2.8779 3.1515 2.8058 3.2472 2.8674 
I08 J110%+h-15d 24.7361 4.5613 3.3038 3.1373 3.2382 3.1019 3.2394 3.1533 
I08 J120% 35.6607 7.0274 3.9413 3.2621 3.4036 3.2819 3.4451 3.4163 
I08 J120%+C120% 40.2106 7.2808 4.3967 4.0661 4.2659 4.0503 4.3082 4.1638 
I08 J120%+C120%+h-10d 41.4593 7.8473 5.3422 5.4529 6.2214 5.4790 5.6496 5.4790 
I08 J120%+C60% 55.0614 7.9514 5.2435 5.4392 6.3407 5.4608 5.6775 5.4611 
I08 J120%+C60%+h-10d 32.7979 7.8473 5.3422 5.4529 6.2214 5.4790 5.6496 5.4790 
I08 J80% 16.6414 8.3845 4.2643 3.3284 4.0308 3.5455 3.5578 3.5440 
I08 J80%+C140%+h-10d 55.6793 9.0906 5.4367 5.0772 5.8709 5.1862 5.1942 5.1625 
I08 J80%+C140%+h+5d 40.4921 8.8649 5.0925 4.7386 5.5899 4.8508 4.8818 4.8316 
I08 J80%+C80% 17.7979 8.7095 4.8318 4.3596 5.2003 4.4942 4.5489 4.4828 
I08 J80%+C80%+h-10d 44.5485 9.0906 5.4367 5.0772 5.8709 5.1862 5.1942 5.1625 
I08 J80%+h+10d 25.0211 8.6287 4.7236 3.9000 4.5255 4.0878 4.0947 4.0826 
I08 J80%+h-15d 32.5116 8.9620 5.2396 4.5067 5.0871 4.6734 4.6735 4.6622 
I08 J80%+h-5d 27.1598 8.4618 4.4000 3.5002 4.1808 3.7080 3.7192 3.7053 
I08 J90% 8.2958 4.1204 2.1057 1.6546 1.7883 1.5920 1.7300 1.6921 
I08 J90%+C120% 21.4675 4.3634 2.5136 2.3785 2.6270 2.3040 2.6786 2.3895 
I08 J90%+C120%+h+15d 27.3287 6.1445 4.9057 5.2257 5.4369 5.1680 5.5149 5.2034 
I08 J90%+C60% 42.3429 5.7014 4.3600 5.0696 5.9955 4.9446 5.6066 5.0018 
I08 J90%+h+15d 27.8539 5.1403 3.6478 3.4063 3.5137 3.3800 3.4875 3.4411 
I08 J90%+h+5d 3.4512 4.2501 2.3459 1.9506 2.0694 1.8964 2.0238 1.9862 
I09 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I09 C120% 20.7803 2.1755 2.1740 2.7722 3.1283 2.7040 3.4264 2.7040 
I09 C140% 37.2128 3.9026 3.9001 4.9796 5.3168 4.8566 5.3843 4.8567 
I09 C60% 48.1114 5.1770 5.1757 6.6030 7.0484 6.4405 6.9304 6.4405 
I09 C80% 30.7485 2.4520 2.4510 3.1225 3.5222 3.0460 3.8467 3.0460 
 182 
 
I09 h+10d 32.7824 3.7812 3.7796 3.7841 3.7884 3.7834 3.7920 3.7834 
I09 h-10d 31.6116 3.7558 3.7542 3.7741 3.7879 3.7716 3.7987 3.7717 
I09 h+15d 41.9483 5.6410 5.6390 5.6414 5.6486 5.6408 5.6452 5.6408 
I09 h-15d 40.1228 5.6026 5.6005 5.6369 5.6762 5.6323 5.6605 5.6324 
I09 h+5d 16.6690 1.8623 1.8611 1.8656 1.8775 1.8650 1.8760 1.8650 
I09 h-5d 11.9923 1.8703 1.8692 1.8762 1.8928 1.8753 1.8907 1.8753 
I09 J110% 11.8933 4.5176 2.2998 1.7920 1.9335 1.7239 1.8798 1.8537 
I09 J110%+C120%+h+10d 46.3338 6.9173 5.5495 6.1331 6.0650 6.0676 5.9738 6.0594 
I09 J110%+C140%+h-10d 51.1590 8.1630 7.0788 7.8374 7.7496 7.7515 7.5466 7.7383 
I09 J110%+C80% 31.1578 5.0239 3.2134 3.3733 3.9263 3.2902 3.7480 3.3712 
I09 J110%+h-15d 41.8236 7.3175 6.1234 5.9734 6.0230 5.9734 6.0272 6.0093 
I09 J120% 25.8118 8.8103 4.7763 3.9125 4.5891 4.1124 4.1003 4.0914 
I09 J120%+C60% 47.7815 9.9700 6.7175 7.2956 7.2361 7.2426 6.7837 7.1619 
I09 J120%+h+15d 45.6111 10.3933 7.2163 6.7737 6.8425 6.8497 6.7665 6.7982 
I09 J120%+h+5d 28.8699 8.9914 5.0999 4.3395 4.9758 4.5149 4.4952 4.4876 
I09 J80% 28.1777 10.0795 5.1249 3.9995 4.8433 4.2605 4.2155 4.2124 
I09 J80%+C140% 36.2454 10.3504 5.8217 5.3675 5.4455 5.4571 5.3538 5.4148 
I09 J80%+C80%+h-15d 64.8917 12.8417 9.3931 9.2772 9.3036 9.3109 8.8624 9.1336 
I09 J80%+h+15d 51.5525 11.6305 7.6735 6.9364 7.0487 7.0583 6.9565 6.9661 
I09 J80%+h+5d 28.4752 10.2536 5.4684 4.4337 5.2126 4.6704 4.6139 4.6132 
I09 J90% 5.7450 4.8655 2.4774 1.9339 2.0903 1.8851 2.0345 2.0042 
I09 J90%+C120% 22.1877 5.1419 3.0509 2.9933 3.4395 2.9195 3.3197 3.0186 
I09 J90%+C120%+h-15d 59.4243 9.3649 8.3250 8.8115 8.7556 8.7574 8.6067 8.7442 
I09 J90%+C60% 49.6402 7.3998 5.9583 7.1272 8.3151 7.0079 7.0157 6.9978 
I09 J90%+C60%+h-5d 40.1593 6.5558 5.0821 5.5892 6.3172 5.5470 5.7693 5.5472 
I09 J90%+h-10d 38.9821 6.2980 4.5981 4.3045 4.3606 4.3125 4.3763 4.3646 
I09 J90%+h+15d 50.2790 7.5324 6.1813 5.9624 6.0034 5.9683 6.0139 6.0096 
I09 J90%+h+5d 24.0974 5.2362 3.1401 2.7290 2.8511 2.6930 2.8188 2.7931 
I10 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I10 C120% 8.7987 0.9077 0.8741 1.0466 1.3821 1.0260 1.3370 1.0256 
I10 C140% 22.7714 1.8633 1.7755 2.0610 2.2501 2.0245 2.3884 2.0269 
I10 C60% 43.4421 2.7678 2.7645 3.4749 4.1249 3.3938 3.8614 3.3939 
I10 C80% 21.1773 1.1861 1.1844 1.5116 2.1021 1.4742 1.9430 1.4742 
I10 h+10d 30.1212 1.7262 1.7234 1.7280 1.7429 1.7273 1.7396 1.7273 
I10 h-10d 9.6773 1.5432 1.5302 1.5337 1.5526 1.5329 1.5487 1.5327 
I10 h+15d 43.4917 2.5205 2.5157 2.5241 2.5315 2.5228 2.5396 2.5229 
I10 h-15d 16.9448 2.3069 2.2856 2.2907 2.2989 2.2892 2.3080 2.2896 
I10 h+5d 8.2743 0.8852 0.8836 0.8860 0.8934 0.8856 0.8936 0.8856 
I10 h-5d 2.6914 0.7787 0.7730 0.7750 0.7847 0.7746 0.7851 0.7744 
 183 
 
I10 J110% 8.6167 3.4130 1.7917 1.4154 1.5151 1.3663 1.4324 1.4145 
I10 J110%+C140% 18.4432 4.2358 2.7780 2.7939 3.1792 2.7317 3.0495 2.8149 
I10 J110%+C80% 28.4932 3.8602 2.3979 2.3488 2.6732 2.2933 2.6238 2.3612 
I10 J110%+h+10d 24.6021 4.1466 2.7618 2.4714 2.5552 2.4323 2.5246 2.5043 
I10 J110%+h-15d 8.9656 4.4601 3.1991 2.9572 3.0549 2.9318 3.0308 2.9946 
I10 J120% 12.3991 6.4928 3.4444 2.7441 2.9313 2.6837 2.9061 2.8892 
I10 J120%+C120% 9.9047 6.6207 3.7319 3.2451 3.4110 3.2471 3.4527 3.3701 
I10 J120%+C140%+h-15d 27.8454 7.4582 4.8572 4.5273 5.0976 4.6240 4.6463 4.6127 
I10 J120%+C80%+h+10d 36.7640 7.2661 4.4861 4.0857 4.6778 4.1954 4.2260 4.1869 
I10 J120%+h-10d 10.7194 6.7846 3.9753 3.3683 3.4848 3.3874 3.5196 3.5055 
I10 J120%+h+15d 34.1234 7.4850 4.7240 4.1463 4.5897 4.2791 4.2942 4.2810 
I10 J120%+h+5d 23.8513 6.6197 3.6212 2.9545 3.0838 2.9754 3.1180 3.0988 
I10 J80% 13.6536 10.9944 5.5906 4.3628 4.5612 4.5779 4.4749 4.4857 
I10 J80%+C140% 36.3261 11.1786 6.1236 5.1058 5.2712 5.2862 5.0348 5.0869 
I10 J80%+C60%+h-5d 29.5125 11.2427 6.2358 5.2298 5.3937 5.4086 5.1633 5.2138 
I10 J80%+C80%+h+5d 31.2690 11.2376 6.1819 5.1495 5.3168 5.3319 5.0588 5.1114 
I10 J80%+h+10d 30.8742 11.3786 6.2490 5.1252 5.3055 5.3208 5.1494 5.1658 
I10 J80%+h-15d 39.1072 11.8597 6.9028 5.8259 5.9986 6.0132 5.7474 5.7687 
I10 J90% 4.5605 5.3085 2.6942 2.0958 2.2649 2.0427 2.2241 2.1987 
I10 J90%+C60% 40.1567 6.8570 4.6673 4.9249 4.9146 4.9208 4.8631 4.9088 
I10 J90%+C80%+h-5d 41.5141 6.0036 3.7976 3.5139 4.0168 3.5991 3.6837 3.6013 
I10 J90%+h+10d 28.7082 6.0256 3.7330 3.2352 3.3330 3.2506 3.3608 3.3458 
I10 J90%+h+15d 39.0055 6.6448 4.4659 3.9955 4.0913 4.0096 4.1184 4.1066 
I10 J90%+h+5d 17.1088 5.5296 3.0640 2.5192 2.6688 2.4719 2.6415 2.6235 
I11 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I11 C120% 23.2639 2.3191 2.3069 2.8257 3.3614 2.7621 3.1694 2.7625 
I11 C140% 37.0543 4.4851 4.4642 5.3200 5.2145 5.2145 5.0006 5.2142 
I11 C60% 60.5934 6.1268 6.1227 7.9273 7.7206 7.7206 6.9773 7.7205 
I11 C80% 38.8832 2.8119 2.8095 3.6498 3.9167 3.5528 4.0629 3.5529 
I11 h+10d 27.6819 4.5207 4.5184 4.4729 4.4429 4.4774 4.4498 4.4775 
I11 h-10d 29.0742 3.9994 3.9801 3.9499 3.9642 3.9507 3.9578 3.9513 
I11 h+15d 32.5964 6.5730 6.5696 6.5140 6.4866 6.5193 6.5077 6.5193 
I11 h-15d 37.6938 5.8727 5.8497 5.8165 5.8209 5.8168 5.8193 5.8174 
I11 h+5d 16.4370 2.2794 2.2774 2.2514 2.2210 2.2540 2.2262 2.2540 
I11 h-5d 9.1239 2.0498 2.0429 2.0216 2.0328 2.0230 2.0245 2.0230 
I11 J110% 20.5310 3.3833 1.7845 1.4425 1.5492 1.3941 1.4927 1.4463 
I11 J110%+C120% 22.4185 4.3774 3.1675 3.6289 4.2860 3.5882 3.8131 3.5887 
I11 J110%+C60% 54.2162 6.9656 6.2534 7.8618 7.6774 7.6785 6.8650 7.6550 
I11 J110%+C60%+h+10d 34.6169 7.9969 7.1620 7.9421 7.8433 7.8449 6.9731 7.7689 
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I11 J110%+h-10d 31.7901 5.5985 4.6803 4.4679 4.4798 4.4784 4.4811 4.5053 
I11 J110%+h+15d 36.3232 7.5137 6.7985 6.6308 6.6840 6.6600 6.6526 6.6573 
I11 J110%+h+5d 26.8297 4.1012 2.8512 2.6025 2.6567 2.5760 2.6309 2.6294 
I11 J120% 33.3706 6.5468 3.4619 2.8049 2.9454 2.8226 2.9864 2.9502 
I11 J120%+C140% 35.0527 8.2671 5.8935 6.5948 6.5150 6.5198 5.5388 6.3459 
I11 J120%+C140%+h+10d 30.9761 10.0026 7.9152 8.5245 8.4510 8.4552 7.1602 8.1777 
I11 J120%+C80% 47.2726 6.9472 4.1190 4.0128 4.7757 4.0723 4.1424 4.0633 
I11 J120%+h-10d 41.6662 8.0340 5.6952 5.2207 5.5025 5.3184 5.3084 5.3117 
I11 J120%+h+15d 46.0986 9.3916 7.3607 6.9657 7.0221 7.0265 7.0076 7.0034 
I11 J120%+h+5d 31.0872 6.8938 4.0131 3.4227 3.5360 3.4401 3.5705 3.5555 
I11 J80% 23.1477 7.4824 4.1578 3.5517 3.7279 3.5597 3.7688 3.7033 
I11 J80%+C60% 52.9298 10.2665 7.8962 9.3443 9.1823 9.1869 7.4923 8.9858 
I11 J80%+h+10d 27.1179 9.0167 6.3385 5.8093 6.1681 5.9219 5.9010 5.9006 
I11 J90% 11.5821 3.6179 1.9591 1.6334 1.7569 1.5813 1.7198 1.6420 
I11 J90%+C120%+h+15d 26.6519 9.3401 8.6533 9.0731 9.0169 9.0183 8.4617 8.9411 
I11 J90%+C140% 34.0234 6.0671 5.0499 5.4925 5.4371 5.4392 5.2302 5.4174 
I11 J90%+C80% 31.3678 4.9062 3.7172 4.3889 5.1775 4.3254 4.5944 4.3257 
I11 J90%+C80%+h-5d 45.2541 6.1052 5.1858 5.6281 5.5727 5.5745 5.4282 5.5616 
I11 J90%+h-10d 33.9790 5.1517 4.1158 4.0629 4.1436 4.0510 4.1847 4.0810 
I11 J90%+h+15d 35.1647 7.6922 6.9471 6.7751 6.8335 6.8057 6.7983 6.8030 
I12 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I12 C120% 18.1909 2.0195 1.9895 2.5003 2.8090 2.4410 3.0493 2.4417 
I12 C140% 27.2999 3.7782 3.7147 4.6743 4.9794 4.5639 4.9081 4.5654 
I12 C60% 46.1116 4.8083 4.8056 6.1502 7.1549 5.9973 6.2528 5.9973 
I12 C80% 25.0382 2.2852 2.2834 2.9210 3.2996 2.8484 3.5307 2.8485 
I12 h+10d 23.9825 2.6097 2.6041 2.6370 2.7130 2.6328 2.6873 2.6328 
I12 h-10d 21.5823 2.7037 2.7020 2.7269 2.7458 2.7235 2.7685 2.7236 
I12 h+15d 30.7772 3.8178 3.8114 3.8606 3.8950 3.8543 3.9109 3.8545 
I12 h-15d 26.3771 4.0963 4.0946 4.1264 4.1666 4.1221 4.1604 4.1222 
I12 h+5d 7.4454 1.3118 1.3077 1.3229 1.3599 1.3209 1.3580 1.3209 
I12 h-5d 9.7058 1.3430 1.3413 1.3548 1.3900 1.3530 1.3880 1.3530 
I12 J110% 24.9969 3.2099 1.8600 1.6534 1.7934 1.6028 1.7982 1.6541 
I12 J110%+C140% 28.8070 4.6980 3.9857 4.7551 5.4867 4.6735 4.9607 4.6738 
I12 J110%+C60%+h+5d 26.9426 4.8700 4.1923 4.9152 5.6129 4.8377 5.0907 4.8379 
I12 J110%+C80% 33.3913 4.0529 2.9184 3.2978 3.8872 3.2161 3.7119 3.2618 
I12 J110%+C80%+h+10d 40.9068 5.3396 4.7372 5.3820 6.0186 5.3118 5.4817 5.3114 
I12 J110%+h-10d 25.0794 4.1735 3.1799 3.0952 3.2270 3.0715 3.2038 3.1076 
I12 J110%+h+15d 33.7035 5.0956 4.3463 4.3416 4.4855 4.3190 4.4351 4.3501 
I12 J110%+h+5d 21.9713 3.5068 2.3150 2.1699 2.2876 2.1306 2.3014 2.1751 
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I12 J120% 30.9771 6.0711 3.4966 3.1201 3.2925 3.1151 3.3464 3.2254 
I12 J120%+C120% 30.7255 6.0645 3.8101 3.7453 3.9454 3.7119 4.0110 3.7890 
I12 J120%+C140%+h-5d 29.3694 6.8367 5.0166 5.4788 6.2742 5.4477 5.5185 5.4398 
I12 J120%+C60% 50.6377 8.0509 5.9603 6.8497 6.7511 6.7551 6.4487 6.7245 
I12 J120%+h+15d 34.5389 7.4084 5.3850 5.1907 5.5818 5.2479 5.2862 5.2455 
I12 J120%+h+5d 29.8942 6.2876 3.8228 3.4689 3.6224 3.4648 3.6640 3.5657 
I12 J80% 18.4483 7.5599 3.8433 3.0023 3.1728 3.0277 3.2238 3.2002 
I12 J80%+C140% 44.2902 8.0354 4.8747 4.8955 5.7746 4.9415 4.8911 4.9059 
I12 J80%+C80% 24.7349 8.0572 4.7205 4.5916 5.4419 4.6624 4.7132 4.6472 
I12 J80%+h+10d 24.8720 8.0078 4.6469 3.9895 4.5036 4.1377 4.1577 4.1395 
I12 J80%+h-5d 17.3043 7.6673 4.0704 3.2967 3.4557 3.3190 3.5014 3.4781 
I12 J90% 4.4247 3.6735 1.8721 1.4673 1.5871 1.4111 1.5202 1.4817 
I12 J90%+C120% 18.0617 4.1077 2.5692 2.6602 3.0953 2.5936 3.0080 2.6561 
I12 J90%+C60%+h+5d 43.3548 5.1304 4.0315 4.6686 5.3982 4.6056 4.8231 4.6055 
I12 J90%+h-10d 18.8723 4.5868 3.3163 3.1213 3.2090 3.1004 3.1876 3.1486 
I12 J90%+h+15d 32.5286 5.3991 4.3284 4.1947 4.2803 4.1766 4.2570 4.2222 
I12 J90%+h+5d 16.5148 3.9589 2.3392 2.0247 2.1194 1.9823 2.0811 2.0473 
 
  
 186 
 
1.3 Average 
Image Manipulation visual CIEDE00(1:1:1) 
CIEDE00
(2:1:1) 
CIEDE00
(2.5:0.8:1)
CIEDE00
(optimized
optimized:1)
CIEDE00 
(optimized 
:0.8:1) 
DE00 
(kL_Soo 
:kC_Soo:1) 
DE00 
(kL_Soo 
:0.8:1) 
I01 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I01 C120% 10.9975 1.2418 1.2405 1.4592 1.9692 1.4592 1.9089 1.4592 
I01 C140% 31.1133 2.3993 2.3974 2.7771 3.1558 2.7770 3.3559 2.7770 
I01 C60% 43.7665 3.0517 3.0503 3.7362 4.3472 3.7362 4.4432 3.7362 
I01 C80% 24.2506 1.4529 1.4517 1.7901 2.5668 1.7900 2.3936 1.7900 
I01 h+10d 20.8012 1.5843 1.5822 1.6265 1.7431 1.6264 1.7295 1.6264 
I01 h-10d 17.2948 1.6793 1.6775 1.7163 1.8179 1.7162 1.8042 1.7162 
I01 h+15d 30.1201 2.5653 2.5625 2.6127 2.7509 2.6125 2.7120 2.6126 
I01 h-15d 27.0923 2.5581 2.5562 2.5855 2.6685 2.5854 2.6444 2.5854 
I01 h+5d 12.0877 0.6847 0.6838 0.6913 0.7123 0.6912 0.7135 0.6912 
I01 h-5d 13.8510 0.7302 0.7293 0.7341 0.7482 0.7341 0.7488 0.7341 
I01 J110% 8.7462 4.2729 2.2042 1.8256 1.9869 1.8321 1.8194 1.7826 
I01 J110%+C120%+h-15d 47.6233 6.4878 4.9838 5.1474 5.4038 5.0481 5.3169 5.2124 
I01 J110%+C120%+h-5d 28.7880 5.5948 3.9782 4.1566 4.3757 4.1370 4.4158 4.2066 
I01 J110%+C60%+h-15d 42.1334 6.4878 4.9838 5.1474 5.4038 5.0481 5.3169 5.2124 
I01 J110%+C60%+h-5d 34.3617 5.5948 3.9782 4.1566 4.3757 4.1370 4.4158 4.2066 
I01 J110%+C80%+h+5d 17.6557 5.2139 3.4547 3.5426 3.7391 3.5203 3.8226 3.5807 
I01 J110%+h+10d 28.1265 4.9459 3.1284 2.8079 2.9327 2.8132 2.8200 2.8038 
I01 J110%+h-15d 27.7520 5.5150 3.8629 3.6122 3.6603 3.5902 3.6686 3.6317 
I01 J110%+h-5d 8.5724 4.4309 2.4780 2.1369 2.2838 2.1427 2.1410 2.1079 
I01 J120% 17.6619 8.1064 4.1829 3.4627 3.3823 3.1181 3.7250 3.7197 
I01 J120%+C140% 29.7893 8.8294 5.2961 5.0704 5.2696 5.3584 5.2294 5.3439 
I01 J120%+C80% 31.3508 8.2481 4.3996 3.8183 3.8198 3.4988 4.0822 4.0802 
I01 J120%+h-10d 17.7436 8.4252 4.7365 4.0862 4.0141 3.7802 4.3367 4.3359 
I01 J120%+h+15d 31.0958 9.0803 5.5307 4.9055 5.1627 5.2047 5.1616 5.1647 
I01 J120%+h+5d 19.5386 8.2733 4.4371 3.7445 3.6656 3.4181 4.0025 3.9996 
I01 J80% 16.3888 9.6192 5.0772 4.3059 4.6470 4.7137 4.6407 4.6480 
I01 J80%+C120% 23.0417 9.7193 5.2406 4.4666 4.8014 4.8637 4.7948 4.8012 
I01 J80%+C60% 38.9305 10.8120 6.7084 6.6790 6.8839 7.0170 6.6439 7.0157 
I01 J80%+C60%+h+10d 27.8376 9.8824 5.5495 4.8966 5.2005 5.2691 5.2027 5.2259 
I01 J80%+C80%+h-10d 40.3434 10.5393 6.3415 5.7022 5.9959 6.0605 6.0013 6.0389 
I01 J80%+h+10d 18.1869 9.8443 5.4597 4.7759 5.0893 5.1568 5.0915 5.1118 
I01 J80%+h-15d 32.5844 10.3796 6.1362 5.4028 5.7163 5.7725 5.7273 5.7417 
I01 J90% 5.2190 4.6517 2.4504 2.0738 2.2633 2.0806 2.1023 2.0409 
I01 J90%+C140% 27.0777 5.4592 3.5519 3.4620 3.6023 3.4365 3.6754 3.4874 
 187 
 
I01 J90%+C60%+h+5d 16.9666 5.2746 3.3174 3.1811 3.5000 3.1866 3.3765 3.1978 
I01 J90%+C80% 22.8273 5.1269 3.1697 3.1491 3.3248 3.1224 3.4201 3.1771 
I01 J90%+h-10d 20.7793 5.2982 3.3234 2.9843 3.1317 2.9900 3.0145 2.9870 
I01 J90%+h+5d 7.7610 4.7115 2.6287 2.3032 2.4937 2.3094 2.3550 2.2804 
I02 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I02 C120% 24.9774 1.7134 1.7104 2.1301 3.0899 2.1300 2.8906 2.1300 
I02 C140% 35.7312 3.3645 3.3607 4.2001 4.9435 4.2001 5.0865 4.2001 
I02 C60% 39.5928 4.0308 4.0287 5.0038 5.9535 5.0037 6.0550 5.0038 
I02 C80% 19.3559 1.8880 1.8856 2.3411 3.3830 2.3409 3.1672 2.3410 
I02 h+10d 22.2344 2.5999 2.5984 2.6147 2.6665 2.6146 2.6528 2.6146 
I02 h-10d 19.6217 2.6533 2.6519 2.6734 2.7338 2.6733 2.7177 2.6733 
I02 h+15d 31.2746 3.8673 3.8657 3.8847 3.9099 3.8847 3.9214 3.8847 
I02 h-15d 32.1393 3.9699 3.9686 4.0036 4.0425 4.0036 4.0568 4.0036 
I02 h+5d 9.9686 1.2526 1.2510 1.2606 1.2889 1.2605 1.2880 1.2605 
I02 h-5d 13.9922 1.3067 1.3052 1.3140 1.3399 1.3139 1.3387 1.3139 
I02 J110% 13.4512 3.7622 1.9336 1.6009 1.6131 1.5208 1.5476 1.5009 
I02 J110%+C120% 29.4733 4.3719 2.8405 2.9998 3.4134 2.9522 3.4785 2.9717 
I02 J110%+C140%+h-5d 50.3364 5.7238 4.5613 5.1795 5.5203 5.1689 5.7060 5.1945 
I02 J110%+C60% 36.5239 5.4629 4.3746 5.0997 5.9331 5.1018 5.8205 5.1039 
I02 J110%+C60%+h+5d 34.7807 5.4819 4.2630 4.9027 5.2610 4.8917 5.4016 4.9228 
I02 J110%+C80%+h+10d 42.9522 5.8917 4.7679 5.3332 5.6655 5.3231 5.6757 5.3615 
I02 J110%+h-10d 24.8643 4.7538 3.4096 3.2216 3.2402 3.1775 3.2285 3.1941 
I02 J110%+h+15d 31.0902 5.5238 4.4096 4.2720 4.3546 4.2744 4.3014 4.2664 
I02 J110%+h+5d 16.7632 4.0196 2.3882 2.1277 2.1443 2.0666 2.1063 2.0623 
I02 J120% 19.0690 7.3163 3.7280 3.0581 3.1445 3.0030 3.1641 3.1372 
I02 J120%+C140% 36.7211 8.4945 5.4943 5.7982 6.2716 5.6153 6.0349 5.9390 
I02 J120%+C80% 20.5764 7.4388 4.0321 3.6253 3.7829 3.5795 3.8472 3.7096 
I02 J120%+C80%+h+15d 48.2965 9.2534 6.5600 6.7583 6.8298 6.9343 6.7956 6.9182 
I02 J120%+h+10d 22.7243 7.8307 4.6424 4.1224 4.1930 4.0808 4.2377 4.2160 
I02 J120%+h-15d 28.3293 8.5394 5.6659 5.2361 5.2998 5.2015 5.3626 5.3471 
I02 J120%+h-5d 19.8547 7.4735 4.0175 3.4022 3.4812 3.3525 3.5091 3.4856 
I02 J80% 17.1141 7.8290 4.0340 3.3544 3.4565 3.2964 3.5010 3.4605 
I02 J80%+C120% 28.9164 7.8174 4.1143 3.5559 3.6891 3.5033 3.7488 3.6620 
I02 J80%+C60% 33.8682 9.1856 6.0442 6.4141 6.9405 6.2191 6.6916 6.5585 
I02 J80%+C60%+h+15d 51.4833 9.2221 6.2669 6.0979 6.2839 5.9100 6.2535 6.2664 
I02 J80%+h-10d 31.2229 8.3484 4.9322 4.3979 4.4871 4.3525 4.5494 4.5162 
I02 J80%+h+5d 20.5109 7.9734 4.2964 3.6559 3.7471 3.6027 3.7951 3.7638 
I02 J90% 7.8642 3.8935 2.0133 1.6778 1.6963 1.5956 1.6347 1.5786 
I02 J90%+C140% 38.0230 4.8696 3.5831 4.0624 4.7237 4.0649 4.6569 4.0633 
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I02 J90%+C140%+h-10d 41.0620 5.8552 4.8041 5.1906 5.7381 5.1927 5.5977 5.2008 
I02 J90%+C60%+h-15d 40.7126 6.8210 5.9132 6.2656 6.4845 6.2571 6.5264 6.2858 
I02 J90%+C80% 23.8548 4.5526 2.9862 3.1615 3.5960 3.1124 3.6687 3.1314 
I02 J90%+h+10d 24.5127 4.8249 3.4035 3.1939 3.2051 3.1465 3.1897 3.1632 
I02 J90%+h-15d 26.3445 5.7270 4.5515 4.4218 4.5224 4.4244 4.4667 4.4188 
I02 J90%+h-5d 9.5103 4.1517 2.4599 2.1938 2.2164 2.1296 2.1801 2.1274 
I03 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I03 C120% 19.2120 0.7700 0.7691 0.9548 1.3793 0.9547 1.3737 0.9547 
I03 C140% 45.1190 1.6428 1.6413 2.0351 2.9360 2.0350 2.7473 2.0350 
I03 C60% 47.9594 2.0079 2.0066 2.4779 3.5573 2.4778 3.2989 2.4778 
I03 C80% 23.2618 0.8622 0.8614 1.0672 1.5383 1.0672 1.5278 1.0672 
I03 h+10d 18.4366 1.0676 1.0671 1.0723 1.0873 1.0722 1.0875 1.0722 
I03 h-10d 21.7262 1.0303 1.0299 1.0344 1.0475 1.0343 1.0477 1.0344 
I03 h+15d 28.6433 1.6502 1.6496 1.6600 1.6895 1.6600 1.6870 1.6600 
I03 h-15d 33.2825 1.5332 1.5328 1.5400 1.5603 1.5399 1.5588 1.5399 
I03 h+5d 8.3356 0.5215 0.5208 0.5239 0.5332 0.5238 0.5342 0.5238 
I03 h-5d 4.5287 0.4852 0.4845 0.4876 0.4969 0.4876 0.4980 0.4876 
I03 J110% 8.3554 2.8908 1.4876 1.2316 1.1239 1.0366 1.1704 1.1293 
I03 J110%+C140% 41.6107 3.6591 2.5820 2.8073 3.2099 2.7692 3.3052 2.7782 
I03 J110%+C80% 28.2613 3.1087 1.8094 1.7208 1.9683 1.5643 1.9079 1.6499 
I03 J110%+C80%+h-10d 43.5605 3.9505 2.9289 3.1067 3.4670 3.0701 3.5383 3.0821 
I03 J110%+h-15d 27.6046 3.6432 2.5259 2.3512 2.3697 2.3078 2.3413 2.2978 
I03 J110%+h-5d 12.7986 3.0069 1.6849 1.4594 1.3756 1.2888 1.4160 1.3729 
I03 J120% 20.3616 5.7688 2.9454 2.4223 2.6369 2.4312 2.4362 2.3989 
I03 J120%+C120% 22.5873 5.9625 3.3065 3.0251 3.3809 3.0326 3.2267 3.0299 
I03 J120%+C120%+h-10d 55.3289 6.5021 4.1083 4.0430 4.2381 4.0116 4.3314 4.0864 
I03 J120%+C140%+h+10d 41.6386 6.5555 4.1628 4.0913 4.2840 4.0598 4.3699 4.1403 
I03 J120%+C140%+h-5d 44.0529 6.3422 3.8894 3.8438 4.0513 3.8117 4.1566 3.8835 
I03 J120%+C60% 43.5585 6.2847 3.7072 3.5780 4.0317 3.5849 3.8649 3.6050 
I03 J120%+C60%+h+5d 43.8915 6.3671 3.9275 3.8849 4.0917 3.8531 4.1931 3.9271 
I03 J120%+h-10d 31.8881 5.9965 3.3441 2.8859 3.0824 2.8937 2.9160 2.8780 
I03 J120%+h+15d 39.1324 6.3173 3.7815 3.3406 3.5110 3.3478 3.3682 3.3477 
I03 J120%+h+5d 17.3656 5.8388 3.0647 2.5579 2.7607 2.5664 2.5711 2.5395 
I03 J80% 18.9704 5.7111 2.9567 2.4696 2.6958 2.4781 2.5128 2.4590 
I03 J80%+C140% 50.3364 5.9091 3.2614 2.9567 3.2878 2.9641 3.1351 2.9738 
I03 J80%+C80% 31.4163 5.9195 3.3494 3.1075 3.4721 3.1147 3.3217 3.1195 
I03 J80%+C80%+h-10d 59.5285 6.1266 3.5902 3.2830 3.5792 3.2900 3.4364 3.3066 
I03 J80%+h+10d 24.0966 5.9007 3.3157 2.9056 3.1266 2.9131 2.9733 2.9058 
I03 J80%+h-5d 19.3486 5.7506 3.0488 2.5752 2.7884 2.5834 2.6138 2.5670 
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I03 J90% 6.0860 2.8802 1.4919 1.2438 1.1489 1.0516 1.1931 1.1447 
I03 J90%+C120% 32.6961 3.0199 1.7015 1.5724 1.7379 1.4109 1.7036 1.4976 
I03 J90%+C120%+h-10d 53.8356 3.7593 2.6466 2.7018 2.9551 2.6626 3.0216 2.6676 
I03 J90%+C120%+h+15d 41.9953 4.0754 3.0461 3.0663 3.2715 3.0293 3.3086 3.0405 
I03 J90%+C120%+h+5d 42.7557 3.4836 2.3237 2.3886 2.6545 2.3460 2.7308 2.3477 
I03 J90%+C60% 45.1528 3.8851 2.8576 3.1632 3.6342 3.1271 3.7360 3.1378 
I03 J90%+C60%+h+15d 38.7924 4.0754 3.0461 3.0663 3.2715 3.0293 3.3086 3.0405 
I03 J90%+C60%+h+5d 42.4203 3.4836 2.3237 2.3886 2.6545 2.3460 2.7308 2.3477 
I03 J90%+C80%+h+10d 48.7854 3.7033 2.5991 2.6375 2.8742 2.5965 2.9320 2.6023 
I03 J90%+h-10d 16.8702 3.2535 2.0398 1.8361 1.7534 1.6867 1.7975 1.7683 
I03 J90%+h+15d 34.3124 3.6561 2.5758 2.4342 2.4782 2.3942 2.4687 2.3856 
I03 J90%+h-5d 7.5906 2.9902 1.6695 1.4401 1.3470 1.2691 1.3910 1.3546 
I04 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I04 C120% 19.7738 1.7454 1.7360 2.1018 2.4621 2.1016 2.6196 2.1016 
I04 C140% 27.5397 2.8807 2.8653 3.3862 3.8556 3.3863 3.8569 3.3862 
I04 C60% 46.9888 6.4711 6.4689 8.0656 7.8707 8.0657 7.1280 8.0657 
I04 C80% 29.0848 2.9830 2.9812 3.7132 4.0110 3.7132 4.1718 3.7132 
I04 h+10d 39.7443 5.1221 5.1191 5.1174 5.1178 5.1174 5.1180 5.1174 
I04 h-10d 41.0008 5.3022 5.2997 5.3228 5.3339 5.3228 5.3386 5.3229 
I04 h+15d 51.2234 7.4673 7.4627 7.4527 7.4538 7.4530 7.4542 7.4530 
I04 h-15d 52.2440 8.0415 8.0379 8.0725 8.0680 8.0727 8.0692 8.0727 
I04 h+5d 26.4413 2.6350 2.6323 2.6343 2.6383 2.6342 2.6406 2.6342 
I04 h-5d 27.5281 2.6438 2.6416 2.6527 2.6663 2.6527 2.6739 2.6526 
I04 J110% 18.0237 4.4742 2.5063 2.1950 2.2526 2.1121 2.2338 2.1394 
I04 J110%+C140% 25.3691 6.1436 4.6992 5.0573 5.4116 4.9778 5.2011 5.1176 
I04 J110%+C60%+h-15d 53.2338 11.4800 10.8915 11.0910 11.0830 11.1222 10.8962 11.1184 
I04 J110%+C80% 28.6318 5.0158 3.4868 3.8143 4.0686 3.7998 4.1319 3.8471 
I04 J110%+C80%+h-10d 51.3039 8.7205 7.8893 8.0899 8.0902 8.1354 8.0351 8.1337 
I04 J110%+h+10d 43.2823 6.8619 5.7024 5.6463 5.6946 5.5848 5.7119 5.6897 
I04 J110%+h-15d 54.4769 9.3070 8.5851 8.5137 8.5462 8.5545 8.5458 8.5527 
I04 J110%+h-5d 24.7611 5.2449 3.7801 3.5928 3.7000 3.5961 3.6324 3.5966 
I04 J120% 30.9630 8.7220 5.0474 4.4708 4.4584 4.1656 4.7042 4.6809 
I04 J120%+C120% 33.1494 9.4277 6.1254 6.0433 6.1877 6.2772 6.1084 6.2709 
I04 J120%+C140%+h+10d 55.2834 11.5317 8.9218 9.2845 9.3279 9.4432 8.5197 9.3553 
I04 J120%+C140%+h-5d 36.3364 10.4674 7.5578 7.6086 7.7138 7.8034 7.5011 7.8010 
I04 J120%+C60% 50.7561 10.2036 7.4902 8.4103 8.3797 8.5617 7.5067 8.5448 
I04 J120%+C80%+h-5d 50.1628 10.4674 7.5578 7.6086 7.7138 7.8034 7.5011 7.8010 
I04 J120%+h-10d 42.3924 10.3496 7.6862 7.3512 7.4957 7.5272 7.4997 7.5218 
I04 J120%+h+15d 59.2823 11.5656 9.0625 8.9561 9.0593 9.1110 8.9289 9.1034 
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I04 J80% 26.9462 9.5699 5.1308 4.5005 4.5314 4.1348 4.8003 4.7833 
I04 J80%+C140% 42.5946 9.5212 5.4140 5.0222 5.1693 4.7191 5.2745 5.2865 
I04 J80%+C60%+h-5d 37.4153 9.9576 6.0414 5.8237 6.0159 6.1087 6.0060 6.0791 
I04 J80%+C80% 33.4170 10.3160 6.2567 6.3045 6.4616 6.5904 6.2902 6.5868 
I04 J80%+C80%+h+5d 46.6780 10.0781 6.4055 6.0221 6.2232 6.2876 6.2098 6.2735 
I04 J80%+h+10d 47.9853 10.6506 7.0432 6.5334 6.7500 6.7930 6.7586 6.7769 
I04 J80%+h-5d 33.9368 10.0235 5.8366 5.3545 5.6109 5.6871 5.6137 5.6415 
I04 J90% 22.4216 4.6306 2.4588 2.1283 2.2054 2.0372 2.1903 2.0729 
I04 J90%+C120% 26.8508 4.6800 2.7290 2.5919 2.8945 2.5969 2.8058 2.5704 
I04 J90%+C60% 54.9247 8.3515 7.2450 8.7385 8.5840 8.7913 7.5218 8.7862 
I04 J90%+h+15d 61.6139 8.6762 7.7711 7.6455 7.6917 7.6982 7.6970 7.6957 
I04 J90%+h+5d 28.3506 5.2338 3.5129 3.2720 3.3913 3.2761 3.3042 3.2701 
I05 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I05 C120% 19.2992 1.6700 1.6662 2.0483 2.9279 2.0481 2.7152 2.0482 
I05 C140% 32.8887 3.0921 3.0820 3.7907 4.4841 3.7904 4.5453 3.7906 
I05 C60% 40.4225 3.9990 3.9970 4.9682 5.8286 4.9682 5.7582 4.9682 
I05 C80% 23.5528 1.9095 1.9074 2.3591 3.3964 2.3590 3.1034 2.3591 
I05 h+10d 22.2204 2.3943 2.3926 2.4153 2.4817 2.4152 2.4652 2.4153 
I05 h-10d 19.6090 2.4638 2.4610 2.4794 2.5345 2.4792 2.5202 2.4793 
I05 h+15d 31.5322 3.5943 3.5923 3.6279 3.6688 3.6279 3.6875 3.6279 
I05 h-15d 34.1349 3.7304 3.7269 3.7525 3.7826 3.7524 3.7949 3.7524 
I05 h+5d 11.4293 1.2008 1.1987 1.2114 1.2484 1.2113 1.2471 1.2113 
I05 h-5d 6.0596 1.2120 1.2094 1.2199 1.2514 1.2198 1.2502 1.2198 
I05 J110% 6.2691 3.1337 1.7067 1.4853 1.4698 1.2933 1.4966 1.3982 
I05 J110%+C120%+h+10d 24.0476 5.3679 4.5361 5.0485 5.3278 5.0408 5.4108 5.0647 
I05 J110%+C140% 29.0008 4.8126 3.9045 4.5514 4.8837 4.5431 5.0602 4.5634 
I05 J110%+C80% 20.6845 3.5901 2.3721 2.4861 2.8049 2.4469 2.8869 2.4537 
I05 J110%+h-10d 23.6458 4.1304 3.1083 2.9970 3.0465 2.9632 3.0447 2.9702 
I05 J110%+h+15d 35.0110 5.0560 4.1504 4.0518 4.1344 4.0539 4.0897 4.0450 
I05 J110%+h+5d 17.7490 3.4725 2.2084 2.0317 2.0698 1.9842 2.0494 1.9750 
I05 J120% 14.3445 6.0591 3.2408 2.7809 3.0426 2.7896 2.8741 2.7961 
I05 J120%+C120% 27.3280 6.5444 4.0110 4.0008 4.2267 3.9695 4.2971 4.0704 
I05 J120%+C120%+h-5d 28.2293 7.4634 5.2838 5.7213 6.2012 5.5918 5.9172 5.8210 
I05 J120%+C60% 46.0470 7.2166 4.8914 5.2378 5.6733 5.0936 5.5293 5.3279 
I05 J120%+h+10d 27.9166 6.7593 4.2826 3.9239 3.9980 3.8915 4.0242 3.9743 
I05 J120%+h-15d 29.8503 7.3093 5.1054 4.8259 4.8979 4.7991 4.9332 4.8890 
I05 J120%+h-5d 11.2041 6.1993 3.5109 3.0993 3.3424 3.1070 3.1944 3.1213 
I05 J80% 16.4160 6.6282 3.6024 3.1560 3.2723 3.1111 3.3115 3.2162 
I05 J80%+C120%+h-5d 36.5354 7.0187 4.3426 4.1954 4.3748 4.1626 4.4333 4.2713 
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I05 J80%+C140% 31.8117 6.8392 4.0852 3.9308 4.1178 3.8966 4.1825 4.0056 
I05 J80%+C80% 26.4436 7.1713 4.4273 4.4510 4.7099 4.4169 4.7508 4.5485 
I05 J80%+C80%+h-10d 46.5926 7.4476 4.9504 4.8225 4.9867 4.7931 5.0269 4.9056 
I05 J80%+h+10d 26.6707 7.0748 4.3629 4.0438 4.1567 4.0083 4.2045 4.1172 
I05 J80%+h-5d 16.4926 6.8045 3.8822 3.4567 3.5613 3.4151 3.6008 3.5234 
I05 J90% 4.9684 3.2900 1.7890 1.5642 1.6191 1.5005 1.5912 1.4800 
I05 J90%+C120% 20.6252 3.4794 2.1337 2.1072 2.3155 2.0610 2.3756 2.0598 
I05 J90%+C120%+h-10d 42.7200 5.1195 4.2118 4.5220 4.9793 4.5239 4.9028 4.5260 
I05 J90%+C120%+h+15d 47.1972 5.3635 4.5451 4.7613 5.1244 4.7629 5.0255 4.7697 
I05 J90%+C140%+h-15d 40.2898 6.0161 5.2085 5.4842 5.6651 5.4765 5.7481 5.4971 
I05 J90%+h-10d 30.6793 4.3228 3.1892 3.0445 3.0798 3.0060 3.0727 3.0185 
I05 J90%+h+15d 37.5866 4.9642 4.0298 3.9739 4.1021 3.9760 4.0620 3.9658 
I05 J90%+h+5d 13.2060 3.5283 2.1917 2.0270 2.0900 1.9771 2.0810 1.9694 
I06 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I06 C120% 11.7859 1.7492 1.7447 2.1447 2.5380 2.1446 2.7336 2.1446 
I06 C140% 18.5778 3.2257 3.2126 3.9041 4.5260 3.9041 4.4092 3.9042 
I06 C60% 49.3065 4.2721 4.2693 5.3059 5.7280 5.3058 5.7464 5.3059 
I06 C80% 28.2029 2.0065 2.0044 2.4887 2.9622 2.4886 3.1559 2.4886 
I06 h+10d 20.9518 2.7985 2.7966 2.8093 2.8488 2.8092 2.8356 2.8093 
I06 h-10d 21.7341 2.7680 2.7646 2.7781 2.8218 2.7778 2.8071 2.7779 
I06 h+15d 32.9052 4.1899 4.1876 4.2058 4.2278 4.2058 4.2324 4.2058 
I06 h-15d 28.3180 4.1383 4.1334 4.1538 4.1792 4.1537 4.1844 4.1537 
I06 h+5d 11.5054 1.3773 1.3756 1.3817 1.4012 1.3816 1.3996 1.3816 
I06 h-5d 6.4389 1.3650 1.3626 1.3684 1.3880 1.3682 1.3863 1.3683 
I06 J110% 15.1850 3.7893 1.9726 1.6460 1.6614 1.5672 1.6085 1.5596 
I06 J110%+C120% 22.4240 4.3227 2.8698 3.0444 3.4886 3.0477 3.4036 3.0487 
I06 J110%+C60% 47.1717 5.7764 4.6351 5.4027 5.9884 5.3446 5.6459 5.4428 
I06 J110%+C60%+h-15d 43.1333 6.9404 6.0804 6.5238 6.8980 6.4791 6.5751 6.5626 
I06 J110%+C60%+h-5d 42.7963 5.4944 4.4246 4.9835 5.4376 4.9279 5.1897 5.0209 
I06 J110%+C80%+h+5d 30.1085 5.2513 4.0686 4.5746 5.0047 4.5120 4.8220 4.6126 
I06 J110%+h+10d 31.3285 4.9466 3.6040 3.4112 3.4995 3.4144 3.4230 3.3977 
I06 J110%+h-15d 34.6473 5.7714 4.6940 4.5619 4.6441 4.5643 4.5969 4.5696 
I06 J110%+h-5d 11.9180 4.0728 2.4826 2.2319 2.2488 2.1731 2.2207 2.1802 
I06 J120% 25.4621 7.2053 3.7907 3.1758 3.2627 3.1246 3.3040 3.2738 
I06 J120%+C140% 34.2888 8.0575 5.3405 5.6006 5.6719 5.7825 5.6338 5.7661 
I06 J120%+C140%+h+10d 41.2623 8.5243 5.8849 6.0282 6.1114 6.2061 6.0665 6.1927 
I06 J120%+C80% 33.8607 7.4484 4.1337 3.7582 3.8423 3.5066 3.9810 3.8917 
I06 J120%+h+15d 46.3338 8.6699 5.9267 5.5204 5.4881 5.3345 5.6615 5.6533 
I06 J120%+h+5d 27.2182 7.4126 4.1155 3.5499 3.6300 3.5034 3.6805 3.6548 
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I06 J80% 16.1368 8.3114 4.2892 3.5672 3.4967 3.2160 3.7641 3.7354 
I06 J80%+C120% 17.6565 8.4077 4.4771 3.8203 3.7811 3.4947 4.0342 4.0007 
I06 J80%+C120%+h-15d 61.4441 10.1108 7.0026 6.7653 6.9214 6.9839 6.9133 6.9636 
I06 J80%+C60% 39.6937 9.7223 6.5155 6.9924 7.0566 7.2080 6.8302 7.2040 
I06 J80%+C60%+h+10d 34.4100 8.8631 5.2993 4.8992 4.9809 4.6395 5.1227 5.1055 
I06 J80%+C80%+h+5d 43.3251 8.7127 5.0381 4.6467 4.7496 4.3768 4.8826 4.8529 
I06 J80%+h+10d 30.8820 8.7815 5.1596 4.5944 4.5574 4.3201 4.7891 4.7677 
I06 J80%+h-5d 17.5988 8.4754 4.5603 3.8747 3.8056 3.5496 4.0679 4.0460 
I06 J90% 5.5728 4.0611 2.0958 1.7410 1.7574 1.6553 1.7053 1.6549 
I06 J90%+C140% 26.4818 5.1348 3.6938 3.9709 4.2010 3.9563 4.2905 3.9977 
I06 J90%+C140%+h-15d 50.4983 7.0366 5.9422 6.1874 6.4492 6.1282 6.3043 6.2306 
I06 J90%+h-10d 19.5442 5.0940 3.5933 3.3701 3.4694 3.3738 3.3828 3.3569 
I06 J90%+h+15d 35.2008 5.9675 4.7524 4.6032 4.7017 4.6060 4.6470 4.6138 
I06 J90%+h+5d 19.2022 4.3230 2.5721 2.2946 2.3165 2.2284 2.2895 2.2420 
I07 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I07 C120% 19.2031 2.6638 2.6527 3.2664 3.8251 3.2664 3.8152 3.2664 
I07 C140% 37.1483 4.7371 4.6480 5.7110 5.5817 5.7151 5.5561 5.7146 
I07 C60% 52.6102 5.7022 5.6983 7.1418 8.0700 7.1417 7.0375 7.1419 
I07 C80% 29.1486 2.7877 2.7850 3.4663 4.0824 3.4663 4.1371 3.4663 
I07 h+10d 21.3494 2.8152 2.8139 2.8303 2.8552 2.8303 2.8738 2.8303 
I07 h-10d 23.1953 2.7746 2.7688 2.7839 2.8135 2.7837 2.8344 2.7837 
I07 h+15d 30.5468 4.1719 4.1701 4.1991 4.2394 4.1991 4.2465 4.1991 
I07 h-15d 23.7522 4.0921 4.0805 4.1084 4.1561 4.1084 4.1635 4.1083 
I07 h+5d 9.9815 1.4316 1.4306 1.4381 1.4741 1.4381 1.4697 1.4381 
I07 h-5d 11.4989 1.4678 1.4665 1.4705 1.5026 1.4704 1.4977 1.4704 
I07 J110% 14.1429 2.6021 1.4294 1.2491 1.2368 1.0936 1.2523 1.1626 
I07 J110%+C120%+h+15d 36.3062 7.5029 6.8989 7.6937 7.6086 7.7243 7.2439 7.7241 
I07 J110%+C140% 37.8213 6.0026 5.3517 6.4571 6.3373 6.4886 6.0502 6.4879 
I07 J110%+C60%+h+15d 40.0460 7.5029 6.8989 7.6937 7.6086 7.7243 7.2439 7.7241 
I07 J110%+C80% 35.9344 3.7739 2.9317 3.3504 3.8965 3.3521 3.8514 3.3508 
I07 J110%+h-10d 23.2375 4.0730 3.3430 3.2619 3.2932 3.2409 3.2935 3.2489 
I07 J110%+h+5d 18.0288 2.9676 1.9807 1.8553 1.8835 1.7507 1.8840 1.8063 
I07 J120% 23.7929 5.1132 2.7764 2.4006 2.6151 2.4077 2.4492 2.3642 
I07 J120%+C120% 17.3276 6.1969 4.2507 4.6083 5.0214 4.4896 4.8536 4.6862 
I07 J120%+C120%+h-5d 33.8323 7.8226 6.2134 7.1996 7.1277 7.2902 6.6438 7.2898 
I07 J120%+C60% 52.0648 7.5474 5.9485 6.9305 6.8589 7.0222 6.7434 7.0154 
I07 J120%+C60%+h+10d 38.1249 8.7076 7.1455 8.0171 7.9553 8.1046 7.2795 8.0979 
I07 J120%+C60%+h-5d 39.9590 7.8226 6.2134 7.1996 7.1277 7.2902 6.6438 7.2898 
I07 J120%+C80%+h+5d 42.6771 8.2197 6.5934 7.5506 7.4814 7.6422 6.8255 7.6383 
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I07 J120%+h-15d 39.0558 7.0064 5.3468 5.1287 5.1708 5.1108 5.1970 5.1774 
I07 J120%+h-5d 24.2672 5.5255 3.3842 3.0537 3.2309 3.0596 3.1030 3.0457 
I07 J80% 22.4297 5.3667 3.0232 2.7038 2.9666 2.7108 2.8163 2.6830 
I07 J80%+C140% 46.2508 6.7199 4.7386 5.0546 5.0922 5.1917 5.1009 5.1732 
I07 J80%+C140%+h+10d 50.6381 7.2116 5.3800 5.6543 5.6874 5.7753 5.6537 5.7644 
I07 J80%+C60%+h-10d 51.9594 6.9455 5.2095 5.5169 5.5435 5.6320 5.5697 5.6139 
I07 J80%+C80% 29.8630 6.5754 4.6185 5.0756 5.5528 4.9563 5.3656 5.1505 
I07 J80%+C80%+h+10d 53.8712 7.2116 5.3800 5.6543 5.6874 5.7753 5.6537 5.7644 
I07 J80%+C80%+h-15d 64.0295 7.3112 5.7713 6.0616 6.0806 6.1595 6.1043 6.1440 
I07 J80%+h-10d 31.0019 5.8522 3.8228 3.6397 3.9023 3.6448 3.7894 3.6574 
I07 J90% 3.8480 2.6709 1.4947 1.3266 1.3437 1.1715 1.3528 1.2424 
I07 J90%+C120% 24.7541 3.7404 2.8201 3.1117 3.5701 3.1137 3.4989 3.1151 
I07 J90%+C120%+h+10d 42.3907 5.7714 5.1222 5.7424 5.6816 5.7762 5.6826 5.7719 
I07 J90%+C60% 49.3104 6.6866 6.1985 7.6421 8.6066 7.6220 7.3555 7.6631 
I07 J90%+h+10d 18.9137 4.0017 3.2613 3.2093 3.2679 3.1878 3.2754 3.1925 
I07 J90%+h-15d 30.8014 4.7434 4.1478 4.1503 4.2733 4.1514 4.2461 4.1504 
I07 J90%+h-5d 12.5993 2.9708 1.9611 1.8473 1.9182 1.7387 1.9055 1.7971 
I08 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I08 C120% 6.3670 1.5911 1.5892 1.9674 2.8346 1.9673 2.6862 1.9673 
I08 C140% 24.8316 3.0268 3.0245 3.7570 4.4706 3.7569 4.6674 3.7569 
I08 C60% 40.5739 3.5411 3.5397 4.3908 5.2205 4.3908 5.4359 4.3908 
I08 C80% 21.7463 1.7086 1.7071 2.1134 3.0449 2.1134 2.8851 2.1134 
I08 h+10d 16.7955 1.8740 1.8726 1.9010 1.9795 1.9009 1.9698 1.9009 
I08 h-10d 6.2325 1.7935 1.7908 1.8182 1.8949 1.8180 1.8863 1.8181 
I08 h+15d 23.2421 2.8428 2.8415 2.8837 3.0005 2.8836 2.9691 2.8836 
I08 h-15d 18.8804 2.7067 2.7032 2.7454 2.8637 2.7451 2.8336 2.7452 
I08 h+5d 7.2356 0.9224 0.9205 0.9337 0.9709 0.9336 0.9722 0.9336 
I08 h-5d 3.3261 0.8866 0.8839 0.8964 0.9324 0.8962 0.9340 0.8962 
I08 J110% 28.9832 3.9623 2.3228 2.0372 2.0560 1.9672 2.0159 1.9671 
I08 J110%+C140% 29.1172 5.1666 4.0441 4.5308 5.1719 4.5329 5.0712 4.5356 
I08 J110%+C80% 32.2768 4.3183 2.8445 2.8842 3.1810 2.8349 3.2327 2.8514 
I08 J110%+h+10d 30.6001 4.4526 3.0487 2.8658 2.9125 2.8167 2.9031 2.8297 
I08 J110%+h-15d 23.1099 4.5613 3.3038 3.1668 3.2278 3.1260 3.2265 3.1401 
I08 J120% 36.1894 7.0274 3.9413 3.3816 3.4583 3.3352 3.4768 3.4482 
I08 J120%+C120% 36.3240 7.2808 4.3967 4.1308 4.2910 4.0932 4.3525 4.2095 
I08 J120%+C120%+h+15d 41.5909 8.5082 6.1231 6.2853 6.6106 6.1399 6.4792 6.3929 
I08 J120%+C140%+h+10d 43.1620 8.2172 5.7234 5.8896 6.2301 5.7346 6.1176 5.9970 
I08 J120%+C60% 53.3922 7.9514 5.2435 5.4346 5.8142 5.2587 5.7501 5.5359 
I08 J120%+h+15d 41.0210 7.6233 4.8537 4.4525 4.5344 4.4167 4.5767 4.5322 
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I08 J80% 19.6107 8.3845 4.2643 3.4930 3.4010 3.1277 3.7183 3.7049 
I08 J80%+C140%+h-10d 49.1399 9.0906 5.4367 5.1486 5.3089 4.8945 5.3795 5.3488 
I08 J80%+C140%+h+15d 44.0580 9.4468 6.0132 5.7820 5.9471 5.5535 5.9827 5.9754 
I08 J80%+C140%+h+5d 39.1695 8.8649 5.0925 4.8111 4.9945 4.5421 5.0627 5.0139 
I08 J80%+C80% 22.0718 8.7095 4.8318 4.4511 4.5870 4.1573 4.7181 4.6538 
I08 J80%+C80%+h-10d 45.2407 9.0906 5.4367 5.1486 5.3089 4.8945 5.3795 5.3488 
I08 J80%+C80%+h+5d 32.1656 8.8649 5.0925 4.8111 4.9945 4.5421 5.0627 5.0139 
I08 J80%+h+10d 19.8708 8.6287 4.7236 4.0419 3.9672 3.7269 4.2528 4.2410 
I08 J80%+h-15d 31.4641 8.9620 5.2396 4.6320 4.5757 4.3502 4.8384 4.8275 
I08 J80%+h-5d 22.9262 8.4618 4.4000 3.6575 3.5720 3.3080 3.8795 3.8660 
I08 J90% 11.1423 4.1204 2.1057 1.7339 1.7433 1.6454 1.6974 1.6590 
I08 J90%+C120% 19.4112 4.3634 2.5136 2.4089 2.6352 2.3430 2.6601 2.3692 
I08 J90%+C120%+h+15d 38.0206 6.1445 4.9057 5.1939 5.4138 5.1818 5.5237 5.2126 
I08 J90%+C140%+h+10d 34.1910 5.5943 4.2254 4.5434 5.0944 4.5462 4.9583 4.5552 
I08 J90%+C140%+h-15d 41.1412 6.0726 4.7978 5.0510 5.2597 5.0384 5.3720 5.0688 
I08 J90%+C60% 39.2218 5.7014 4.3600 4.9941 5.8008 4.9967 5.6107 5.0063 
I08 J90%+h+15d 19.7917 5.1403 3.6478 3.4471 3.5600 3.4507 3.4768 3.4303 
I08 J90%+h+5d 7.1821 4.2501 2.3459 2.0187 2.0312 1.9422 1.9968 1.9588 
I09 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I09 C120% 20.5455 2.1755 2.1740 2.7040 3.2205 2.7040 3.4264 2.7040 
I09 C140% 34.8150 3.9026 3.9001 4.8566 5.2457 4.8566 5.3843 4.8567 
I09 C60% 43.4397 5.1770 5.1757 6.4405 6.9545 6.4405 6.9304 6.4406 
I09 C80% 27.9907 2.4520 2.4510 3.0460 3.6257 3.0460 3.8467 3.0460 
I09 h+10d 34.9075 3.7812 3.7796 3.7834 3.7896 3.7834 3.7920 3.7834 
I09 h-10d 32.0936 3.7558 3.7542 3.7717 3.7917 3.7716 3.7987 3.7716 
I09 h+15d 43.8715 5.6410 5.6390 5.6408 5.6463 5.6408 5.6452 5.6409 
I09 h-15d 39.9311 5.6026 5.6005 5.6324 5.6654 5.6324 5.6605 5.6324 
I09 h+5d 22.0246 1.8623 1.8611 1.8651 1.8783 1.8650 1.8760 1.8650 
I09 h-5d 20.0711 1.8703 1.8692 1.8753 1.8939 1.8753 1.8907 1.8753 
I09 J110% 5.9517 4.5176 2.2998 1.8809 1.8821 1.7830 1.8506 1.8242 
I09 J110%+C120%+h+10d 41.3679 6.9173 5.5495 6.0676 6.0444 6.1465 6.0514 6.1359 
I09 J110%+C140% 35.4442 6.3494 4.9093 5.6575 6.2551 5.5882 5.7681 5.7160 
I09 J110%+C140%+h-10d 48.1510 8.1630 7.0788 7.7515 7.6985 7.8092 7.6150 7.8050 
I09 J110%+C60%+h-15d 60.7610 9.5992 8.6740 9.3136 9.2592 9.3626 8.9995 9.3624 
I09 J110%+C80% 29.3523 5.0239 3.2134 3.3638 3.8550 3.3678 3.7481 3.3713 
I09 J110%+h-15d 38.7011 7.3175 6.1234 5.9988 6.0342 5.9869 6.0528 6.0351 
I09 J110%+h-5d 20.4383 4.9193 3.0104 2.7074 2.8343 2.7124 2.7153 2.6873 
I09 J120% 20.3353 8.8103 4.7763 4.0633 3.9915 3.7237 4.3163 4.3078 
I09 J120%+C120% 17.8623 9.3158 5.6559 5.3760 5.5667 5.6447 5.5637 5.6142 
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I09 J120%+C60% 48.1736 9.9700 6.7175 7.2426 7.2888 7.4418 7.0727 7.4371 
I09 J120%+h-10d 31.7971 9.6861 6.2770 5.7647 5.9758 6.0142 5.9713 5.9747 
I09 J120%+h+15d 42.0956 10.3933 7.2163 6.8497 7.0225 7.0674 7.0218 7.0523 
I09 J120%+h+5d 15.3265 8.9914 5.0999 4.4707 4.4247 4.1689 4.7114 4.7041 
I09 J80% 24.4231 10.0795 5.1249 4.1974 4.0865 3.7583 4.5422 4.5391 
I09 J80%+C140% 35.9314 10.3504 5.8217 5.4571 5.7037 5.8041 5.7040 5.7616 
I09 J80%+C80%+h-15d 60.7667 12.8417 9.3931 9.3109 9.4472 9.5318 9.2714 9.5291 
I09 J80%+h+15d 43.4534 11.6305 7.6735 7.0583 7.3063 7.3481 7.3261 7.3354 
I09 J80%+h+5d 27.6173 10.2536 5.4684 4.6128 4.5154 4.2161 4.9407 4.9401 
I09 J90% 13.9922 4.8655 2.4774 2.0292 2.2052 2.0367 2.0049 1.9743 
I09 J90%+C120% 24.4250 5.1419 3.0509 3.0133 3.4181 3.0183 3.3156 3.0141 
I09 J90%+C60% 52.1017 7.3998 5.9583 6.9976 7.7777 6.9298 7.0749 7.0571 
I09 J90%+C60%+h-5d 37.4055 6.5558 5.0821 5.5358 5.9541 5.4618 5.8002 5.5793 
I09 J90%+C80%+h+5d 47.0146 5.9984 4.3788 4.8306 5.2694 4.7475 5.1116 4.8793 
I09 J90%+h-10d 32.7634 6.2980 4.5981 4.3525 4.3832 4.3338 4.3842 4.3725 
I09 J90%+h+15d 46.2072 7.5324 6.1813 5.9975 6.0199 5.9838 6.0437 6.0394 
I09 J90%+h+5d 20.6509 5.2362 3.1401 2.7983 2.9361 2.8038 2.8046 2.7787 
I10 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I10 C120% 8.9039 0.9077 0.8741 1.0268 1.4025 1.0243 1.3367 1.0252 
I10 C140% 19.7485 1.8633 1.7755 2.0280 2.2980 2.0258 2.3877 2.0261 
I10 C60% 41.1943 2.7678 2.7645 3.3939 3.9527 3.3939 3.8614 3.3939 
I10 C80% 27.7138 1.1861 1.1844 1.4743 2.1402 1.4742 1.9430 1.4742 
I10 h+10d 33.0374 1.7262 1.7234 1.7274 1.7439 1.7272 1.7396 1.7273 
I10 h-10d 6.7773 1.5432 1.5302 1.5332 1.5534 1.5322 1.5485 1.5326 
I10 h+15d 44.6502 2.5205 2.5157 2.5229 2.5336 2.5228 2.5395 2.5228 
I10 h-15d 21.3889 2.3069 2.2856 2.2900 2.3008 2.2895 2.3077 2.2893 
I10 h+5d 5.9103 0.8852 0.8836 0.8856 0.8940 0.8855 0.8936 0.8855 
I10 h-5d 3.7347 0.7787 0.7730 0.7747 0.7852 0.7743 0.7850 0.7744 
I10 J110% 5.2441 3.4130 1.7917 1.4811 1.4764 1.4096 1.3994 1.3812 
I10 J110%+C140% 19.2809 4.2358 2.7780 2.8059 3.1554 2.8098 3.0520 2.8174 
I10 J110%+C140%+h-10d 22.0690 4.4395 3.0530 3.0478 3.3580 3.0515 3.2632 3.0575 
I10 J110%+C60%+h-15d 32.2591 4.9248 3.5907 3.5629 3.6775 3.5451 3.7347 3.5861 
I10 J110%+C80% 29.5553 3.8602 2.3979 2.3695 2.6689 2.3735 2.6110 2.3480 
I10 J110%+h+10d 19.2752 4.1466 2.7618 2.5217 2.5265 2.4659 2.5070 2.4866 
I10 J110%+h-15d 11.4890 4.4601 3.1991 2.9989 3.1016 3.0024 3.0213 2.9848 
I10 J120% 16.6843 6.4928 3.4444 2.8665 3.0805 2.8760 2.9135 2.8966 
I10 J120%+C120% 19.0729 6.6207 3.7319 3.3346 3.4498 3.2938 3.5002 3.4183 
I10 J120%+C140%+h-15d 27.2846 7.4582 4.8572 4.5942 4.6721 4.3896 4.7736 4.7404 
I10 J120%+C60%+h+5d 30.4885 7.0236 4.2331 3.9496 4.0366 3.7278 4.1484 4.0918 
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I10 J120%+C80%+h+10d 33.1093 7.2661 4.4861 4.1631 4.2262 3.9402 4.3533 4.3147 
I10 J120%+C80%+h-5d 25.1907 6.8821 4.1191 3.8602 3.9573 3.6412 4.0638 3.9909 
I10 J120%+h+15d 33.3012 7.4850 4.7240 4.2467 4.1945 4.0231 4.3756 4.3625 
I10 J120%+h+5d 22.4825 6.6197 3.6212 3.0705 3.1372 3.0262 3.1366 3.1174 
I10 J80% 19.1644 10.9944 5.5906 4.5779 4.9992 5.0683 5.0143 5.0242 
I10 J80%+C120%+h-15d 57.9878 11.9266 7.1503 6.3603 6.7064 6.7735 6.7130 6.7719 
I10 J80%+C140% 35.6364 11.1786 6.1236 5.2862 5.6537 5.7263 5.6695 5.7182 
I10 J80%+C80% 23.6523 11.3192 6.0600 5.3343 5.6938 5.7860 5.6669 5.7813 
I10 J80%+C80%+h+15d 58.5708 11.7726 6.9103 6.0667 6.4254 6.4908 6.4426 6.4886 
I10 J80%+h-15d 49.9263 11.8597 6.9028 6.0132 6.3816 6.4423 6.4191 6.4394 
I10 J90% 3.8430 5.3085 2.6942 2.2006 2.3914 2.2088 2.2073 2.1817 
I10 J90%+C120% 15.2125 5.4378 3.0046 2.6340 2.8722 2.6412 2.7348 2.6564 
I10 J90%+C60% 38.0970 6.8570 4.6673 4.9208 4.9984 5.1025 5.0285 5.0740 
I10 J90%+C60%+h-10d 39.6949 6.3226 4.1553 3.9087 3.9607 3.7276 4.0649 4.0043 
I10 J90%+C80%+h-5d 34.5396 6.0036 3.7976 3.5730 3.6412 3.3922 3.7398 3.6576 
I10 J90%+h+10d 30.7626 6.0256 3.7330 3.3219 3.3729 3.2887 3.3811 3.3661 
I10 J90%+h+15d 42.3795 6.6448 4.4659 4.0779 4.1291 4.0461 4.1722 4.1604 
I10 J90%+h+5d 8.0540 5.5296 3.0640 2.6137 2.7842 2.6211 2.6370 2.6190 
I11 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I11 C120% 20.4109 2.3191 2.3069 2.7625 3.2159 2.7625 3.1694 2.7625 
I11 C140% 37.1424 4.4851 4.4642 5.2145 5.1163 5.2155 5.0019 5.2154 
I11 C60% 59.1997 6.1268 6.1227 7.7206 7.5244 7.7207 6.9775 7.7207 
I11 C80% 32.8400 2.8119 2.8095 3.5529 3.8603 3.5528 4.0629 3.5529 
I11 h+10d 27.4397 4.5207 4.5184 4.4775 4.4499 4.4775 4.4498 4.4775 
I11 h-10d 25.8397 3.9994 3.9801 3.9513 3.9574 3.9513 3.9578 3.9512 
I11 h+15d 34.2805 6.5730 6.5696 6.5193 6.4959 6.5191 6.5078 6.5194 
I11 h-15d 38.7583 5.8727 5.8497 5.8172 5.8198 5.8170 5.8197 5.8178 
I11 h+5d 18.6342 2.2794 2.2774 2.2541 2.2197 2.2540 2.2262 2.2540 
I11 h-5d 16.7738 2.0498 2.0429 2.0232 2.0353 2.0227 2.0244 2.0229 
I11 J110% 21.8631 3.3833 1.7845 1.5021 1.5163 1.4347 1.4632 1.4160 
I11 J110%+C140%+h+10d 32.9065 7.9969 7.1620 7.8449 7.7771 7.8909 7.0933 7.8767 
I11 J110%+C60% 48.6382 6.9656 6.2534 7.6785 7.5221 7.7141 6.9295 7.7140 
I11 J110%+h+15d 37.2377 7.5137 6.7985 6.6541 6.6204 6.6152 6.6795 6.6842 
I11 J110%+h+5d 22.3532 4.1012 2.8512 2.6420 2.6334 2.6005 2.6179 2.6165 
I11 J120% 29.6090 6.5468 3.4619 2.9192 2.9976 2.8742 3.0100 2.9740 
I11 J120%+C140% 27.9104 8.2671 5.8935 6.5198 6.5191 6.6639 5.8784 6.6498 
I11 J120%+C140%+h+10d 34.8775 10.0026 7.9152 8.4552 8.4529 8.5836 7.5232 8.5022 
I11 J120%+C80% 45.2909 6.9472 4.1190 4.0436 4.2869 3.8499 4.2593 4.1819 
I11 J120%+h-10d 32.7838 8.0340 5.6952 5.2957 5.2332 5.1434 5.4016 5.4049 
 197 
 
I11 J120%+h+15d 39.4004 9.3916 7.3607 7.0265 7.1464 7.1612 7.1524 7.1481 
I11 J120%+h+5d 39.3040 6.8938 4.0131 3.5219 3.5818 3.4837 3.6174 3.6024 
I11 J80% 26.1798 7.4824 4.1578 3.6610 3.7763 3.6138 3.8358 3.7710 
I11 J80%+C120% 37.8443 8.0266 5.0058 4.5875 4.6370 4.3528 4.7846 4.7798 
I11 J80%+C60% 54.5487 10.2665 7.8962 9.1869 9.1046 9.3254 7.8520 9.2991 
I11 J80%+h-5d 33.1274 7.5685 4.4069 4.0559 4.1211 3.8184 4.2611 4.1733 
I11 J90% 9.3271 3.6179 1.9591 1.6910 1.7275 1.6225 1.6911 1.6125 
I11 J90%+C120%+h+15d 27.0259 9.3401 8.6533 9.0183 8.9887 9.0610 8.5699 9.0450 
I11 J90%+C140% 38.6719 6.0671 5.0499 5.4392 5.4202 5.5020 5.3148 5.4998 
I11 J90%+C140%+h+10d 33.5180 8.0130 7.1531 7.5253 7.5024 7.5805 7.1579 7.5742 
I11 J90%+C60%+h+5d 31.8262 6.8142 5.8128 6.2098 6.1899 6.2742 5.9509 6.2738 
I11 J90%+C80% 30.1902 4.9062 3.7172 4.3160 4.8044 4.2538 4.6188 4.3513 
I11 J90%+C80%+h-5d 32.5250 6.1052 5.1858 5.5745 5.5513 5.6292 5.4932 5.6254 
I11 J90%+h-10d 28.0979 5.1517 4.1158 4.0742 4.1460 4.0633 4.1889 4.0852 
I11 J90%+h+15d 29.1800 7.6922 6.9471 6.7994 6.7655 6.7578 6.8266 6.8313 
I12 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I12 C120% 15.6220 2.0195 1.9895 2.4420 2.8886 2.4414 3.0491 2.4415 
I12 C140% 33.3700 3.7782 3.7147 4.5650 4.9159 4.5645 4.9090 4.5663 
I12 C60% 41.8960 4.8083 4.8056 5.9973 6.7534 5.9972 6.2529 5.9974 
I12 C80% 25.9208 2.2852 2.2834 2.8485 3.3975 2.8485 3.5307 2.8485 
I12 h+10d 21.7744 2.6097 2.6041 2.6329 2.7182 2.6325 2.6873 2.6328 
I12 h-10d 20.9983 2.7037 2.7020 2.7236 2.7512 2.7236 2.7685 2.7235 
I12 h+15d 32.8574 3.8178 3.8114 3.8545 3.9042 3.8544 3.9109 3.8544 
I12 h-15d 30.6306 4.0963 4.0946 4.1222 4.1550 4.1222 4.1604 4.1222 
I12 h+5d 12.4817 1.3118 1.3077 1.3210 1.3624 1.3207 1.3579 1.3208 
I12 h-5d 9.8809 1.3430 1.3413 1.3531 1.3926 1.3530 1.3880 1.3530 
I12 J110% 22.0044 3.2099 1.8600 1.6943 1.7787 1.6372 1.7742 1.6295 
I12 J110%+C140% 29.0419 4.6980 3.9857 4.6686 5.1638 4.6361 4.9726 4.6864 
I12 J110%+C140%+h-10d 32.8206 5.4812 4.8883 5.4447 5.8609 5.4182 5.6372 5.4619 
I12 J110%+C140%+h+15d 43.4301 6.0398 5.5015 6.0028 6.3878 5.9785 6.0847 6.0225 
I12 J110%+C80% 21.8611 4.0529 2.9184 3.2588 3.7742 3.2611 3.7107 3.2604 
I12 J110%+C80%+h+10d 36.3598 5.3396 4.7372 5.3077 5.7359 5.2807 5.4955 5.3257 
I12 J110%+C80%+h+15d 53.4549 6.0398 5.5015 6.0028 6.3878 5.9785 6.0847 6.0225 
I12 J110%+h+15d 34.6804 5.0956 4.3463 4.3465 4.4779 4.3479 4.4364 4.3514 
I12 J120% 30.7536 6.0711 3.4966 3.1959 3.3244 3.1583 3.3761 3.2554 
I12 J120%+C120% 22.9979 6.0645 3.8101 3.7682 3.9498 3.7419 4.0310 3.8101 
I12 J120%+C60% 48.9543 8.0509 5.9603 6.7551 6.7246 6.8767 6.5987 6.8689 
I12 J120%+C80%+h-10d 47.2027 7.3351 5.6402 5.9938 6.3737 5.9048 6.0869 6.0709 
I12 J120%+C80%+h+15d 42.2040 7.7442 6.2150 6.5427 6.5509 6.6323 6.5544 6.6205 
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I12 J120%+h+15d 40.2729 7.4084 5.3850 5.2290 5.2959 5.1031 5.3528 5.3123 
I12 J120%+h+5d 28.2793 6.2876 3.8228 3.5372 3.6514 3.5034 3.6983 3.6002 
I12 J80% 14.0073 7.5599 3.8433 3.1502 3.2405 3.0932 3.2949 3.2716 
I12 J80%+C80% 18.9770 8.0572 4.7205 4.6293 4.8937 4.4063 4.8618 4.7977 
I12 J80%+C80%+h-5d 45.3193 8.2250 5.1121 5.1562 5.4751 4.9641 5.3030 5.3306 
I12 J80%+h+10d 22.4047 8.0078 4.6469 4.1009 4.0494 3.8514 4.2535 4.2357 
I12 J80%+h-15d 36.8225 8.6086 5.6273 5.1924 5.1623 4.9942 5.3467 5.3379 
I12 J80%+h-5d 17.8880 7.6673 4.0704 3.4311 3.5173 3.3788 3.5801 3.5571 
I12 J90% 4.8232 3.6735 1.8721 1.5385 1.5468 1.4591 1.4864 1.4474 
I12 J90%+C120% 19.6606 4.1077 2.5692 2.6576 3.0453 2.6610 3.0013 2.6485 
I12 J90%+C120%+h+5d 27.8365 5.1304 4.0315 4.5977 5.0571 4.5458 4.8465 4.6299 
I12 J90%+C140%+h-15d 49.6402 6.8829 5.9466 6.3775 6.7423 6.3319 6.4432 6.4165 
I12 J90%+h-10d 28.0572 4.5868 3.3163 3.1535 3.2456 3.1564 3.1790 3.1398 
I12 J90%+h+15d 34.4107 5.3991 4.3284 4.2171 4.3034 4.2193 4.2585 4.2237 
I12 J90%+h+5d 8.6201 3.9589 2.3392 2.0778 2.0896 2.0179 2.0585 2.0245 
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1.4 Bright 
Image Manipulation visual CIEDE00(1:1:1) 
CIEDE00
(2:1:1) 
CIEDE00
(2.5:0.8:1)
CIEDE00
(optimized
:optimized
:1) 
CIEDE00 
(optimized 
:0.8:1) 
DE00 
(kL_Soo: 
kC_Soo:1) 
DE00 
(kL_Soo:
0.8:1) 
I01 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I01 C120% 20.6243 1.2418 1.2405 1.4592 1.8072 1.4591 1.9089 1.4592 
I01 C140% 32.4981 2.3993 2.3974 2.7771 3.1915 2.7770 3.3559 2.7770 
I01 C60% 49.9121 3.0517 3.0503 3.7362 4.2880 3.7362 4.4432 3.7361 
I01 C80% 34.2597 1.4529 1.4517 1.7901 2.3215 1.7900 2.3936 1.7900 
I01 h+10d 27.8149 1.5843 1.5822 1.6265 1.7044 1.6263 1.7294 1.6264 
I01 h-10d 20.2030 1.6793 1.6775 1.7163 1.7842 1.7162 1.8042 1.7162 
I01 h+15d 33.7382 2.5653 2.5625 2.6127 2.7041 2.6124 2.7119 2.6125 
I01 h-15d 29.5847 2.5581 2.5562 2.5855 2.6401 2.5853 2.6444 2.5854 
I01 h+5d 14.9985 0.6847 0.6838 0.6913 0.7051 0.6912 0.7135 0.6912 
I01 h-5d 12.0625 0.7302 0.7293 0.7341 0.7433 0.7341 0.7488 0.7341 
I01 J110% 8.6589 4.2729 2.2042 1.8256 2.0227 1.9976 1.7311 1.6934 
I01 J110%+C120% 21.5961 4.6980 2.8308 2.7459 3.0947 2.8832 2.9134 2.6930 
I01 J110%+C140%+h+15d 36.2287 5.7336 4.0633 4.0430 4.1291 3.9899 4.2018 4.0482 
I01 J110%+C60%+h-5d 42.1404 5.5948 3.9782 4.1566 4.3405 4.1075 4.3900 4.1798 
I01 J110%+C80%+h+15d 33.8336 5.7336 4.0633 4.0430 4.1291 3.9899 4.2018 4.0482 
I01 J110%+C80%+h+5d 21.7619 5.2139 3.4547 3.5426 3.6881 3.4866 3.7807 3.5375 
I01 J110%+h+10d 30.4528 4.9459 3.1284 2.8079 2.9630 2.9489 2.7526 2.7362 
I01 J110%+h-15d 33.5383 5.5150 3.8629 3.6122 3.5820 3.5571 3.6185 3.5809 
I01 J110%+h-5d 19.4215 4.4309 2.4780 2.1369 2.3160 2.2917 2.0630 2.0293 
I01 J120% 17.8453 8.1064 4.1829 3.4627 4.5284 4.4334 3.7850 3.7797 
I01 J120%+C140% 34.7966 8.8294 5.2961 5.0704 5.3521 5.2973 5.5306 5.6429 
I01 J120%+C60%+h+15d 36.9996 9.2769 5.8299 5.5065 5.7653 5.7257 5.9821 6.0637 
I01 J120%+C80% 45.8731 8.2481 4.3996 3.8183 5.0152 4.7333 4.1882 4.1862 
I01 J120%+h-10d 23.1512 8.4252 4.7365 4.0862 5.0504 4.9646 4.4349 4.4340 
I01 J120%+h+15d 46.4523 9.0803 5.5307 4.9055 5.1452 5.1413 5.3332 5.3364 
I01 J120%+h+5d 26.6502 8.2733 4.4371 3.7445 4.7620 4.6752 4.0815 4.0787 
I01 J80% 23.2905 9.6192 5.0772 4.3059 4.6434 4.6278 4.8311 4.8383 
I01 J80%+C120% 31.3926 9.7193 5.2406 4.4666 4.7924 4.7800 4.9855 4.9918 
I01 J80%+C120%+h+10d 29.5125 9.8824 5.5495 4.8966 5.2127 5.1904 5.4429 5.4657 
I01 J80%+C140%+h+5d 29.7075 9.8723 5.5112 4.8523 5.1713 5.1490 5.3945 5.4158 
I01 J80%+C60% 46.0676 10.8120 6.7084 6.6790 7.0402 6.9454 7.3327 7.6925 
I01 J80%+C60%+h+10d 36.9807 9.8824 5.5495 4.8966 5.2127 5.1904 5.4429 5.4657 
I01 J80%+C80%+h-10d 47.8310 10.5393 6.3415 5.7022 6.0048 5.9848 6.3429 6.3792 
I01 J80%+h+10d 22.6794 9.8443 5.4597 4.7759 5.0965 5.0764 5.3326 5.3526 
 200 
 
I01 J80%+h-15d 40.7166 10.3796 6.1362 5.4028 5.7041 5.6945 6.0239 6.0382 
I01 J80%+h-5d 29.3694 9.7474 5.2647 4.4928 4.8203 4.8074 5.0226 5.0300 
I01 J90% 9.0054 4.6517 2.4504 2.0738 2.2986 2.2537 2.0119 1.9492 
I01 J90%+C140% 34.0592 5.4592 3.5519 3.4620 3.5282 3.3981 3.6193 3.4297 
I01 J90%+C80% 32.1294 5.1269 3.1697 3.1491 3.2519 3.0819 3.3616 3.1171 
I01 J90%+h-10d 27.3023 5.2982 3.3234 2.9843 3.1638 3.1384 2.9424 2.9148 
I01 J90%+h+15d 35.5557 5.6423 3.8304 3.5914 3.5758 3.5305 3.6254 3.5575 
I01 J90%+h+5d 17.3229 4.7115 2.6287 2.3032 2.5240 2.4667 2.2745 2.1987 
I02 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I02 C120% 17.2516 1.7134 1.7104 2.1301 2.7872 2.1299 2.8906 2.1300 
I02 C140% 34.8601 3.3645 3.3607 4.2001 4.8716 4.2003 5.0864 4.2000 
I02 C60% 37.4437 4.0308 4.0287 5.0038 6.0422 5.0037 6.0549 5.0037 
I02 C80% 12.9598 1.8880 1.8856 2.3411 3.0543 2.3409 3.1672 2.3410 
I02 h+10d 18.3497 2.5999 2.5984 2.6147 2.6481 2.6145 2.6527 2.6146 
I02 h-10d 24.4954 2.6533 2.6519 2.6734 2.7132 2.6733 2.7176 2.6733 
I02 h+15d 27.3235 3.8673 3.8657 3.8847 3.9125 3.8847 3.9214 3.8846 
I02 h-15d 29.1596 3.9699 3.9686 4.0036 4.0463 4.0036 4.0568 4.0036 
I02 h+5d 9.0109 1.2526 1.2510 1.2606 1.2791 1.2605 1.2880 1.2605 
I02 h-5d 14.0491 1.3067 1.3052 1.3140 1.3309 1.3138 1.3387 1.3139 
I02 J110% 12.2493 3.7622 1.9336 1.6009 1.5735 1.5412 1.4716 1.4237 
I02 J110%+C120% 35.7742 4.3719 2.8405 2.9998 3.4310 2.9642 3.4383 2.9257 
I02 J110%+C60% 46.4530 5.4629 4.3746 5.0997 5.8678 5.1553 5.7989 5.0797 
I02 J110%+h-10d 28.0843 4.7538 3.4096 3.2216 3.2197 3.1886 3.1864 3.1516 
I02 J110%+h+15d 34.7031 5.5238 4.4096 4.2720 4.3664 4.3382 4.2708 4.2353 
I02 J120% 19.6537 7.3163 3.7280 3.0581 2.9406 2.9193 3.0512 3.0238 
I02 J120%+C120%+h-15d 56.4842 9.8855 7.3814 7.6490 9.3566 8.1080 7.8084 7.8856 
I02 J120%+C140% 41.7599 8.4945 5.4943 5.7982 7.8013 6.3706 6.0627 5.9671 
I02 J120%+C140%+h-10d 36.8492 9.1934 6.4781 6.7559 8.5746 7.2623 6.9624 6.9478 
I02 J120%+C80% 24.1748 7.4388 4.0321 3.6253 3.6338 3.5104 3.7652 3.6250 
I02 J120%+C80%+h+15d 52.5245 9.2534 6.5600 6.7583 6.9841 6.8963 6.9392 7.0597 
I02 J120%+h-15d 28.1964 8.5394 5.6659 5.2361 5.1734 5.1495 5.3364 5.3208 
I02 J120%+h-5d 16.9754 7.4735 4.0175 3.4022 3.2970 3.2772 3.4130 3.3891 
I02 J80% 21.1133 7.8290 4.0340 3.3544 3.2441 3.2084 3.3952 3.3542 
I02 J80%+C60% 42.1694 9.1856 6.0442 6.4141 8.6125 7.0199 6.7117 6.5789 
I02 J80%+C60%+h+15d 54.8424 9.2221 6.2669 6.0979 7.4154 6.6862 6.3416 6.3544 
I02 J80%+C80%+h-5d 48.4749 8.2875 4.9976 4.8752 6.3513 5.5492 5.1219 4.9674 
I02 J80%+h-10d 34.1095 8.3484 4.9322 4.3979 4.3220 4.2839 4.4900 4.4566 
I02 J80%+h+5d 23.0151 7.9734 4.2964 3.6559 3.5513 3.5221 3.7037 3.6721 
I02 J90% 5.0412 3.8935 2.0133 1.6778 1.6563 1.6166 1.5565 1.4990 
 201 
 
I02 J90%+C140% 39.8528 4.8696 3.5831 4.0624 4.6785 4.1310 4.6295 4.0324 
I02 J90%+C140%+h-10d 44.8306 5.8552 4.8041 5.1906 5.7003 5.2466 5.5767 5.1785 
I02 J90%+C60%+h-15d 48.4574 6.8210 5.9132 6.2656 6.4926 6.2446 6.5139 6.2730 
I02 J90%+h+10d 19.2832 4.8249 3.4035 3.1939 3.1821 3.1585 3.1443 3.1173 
I02 J90%+h-15d 27.8205 5.7270 4.5515 4.4218 4.5340 4.4928 4.4343 4.3859 
I02 J90%+h-5d 18.1712 4.1517 2.4599 2.1938 2.1859 2.1459 2.1191 2.0657 
I03 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I03 C120% 20.5802 0.7700 0.7691 0.9548 1.2454 0.9547 1.3737 0.9547 
I03 C140% 42.5244 1.6428 1.6413 2.0351 2.6518 2.0350 2.7473 2.0350 
I03 C60% 52.9379 2.0079 2.0066 2.4779 3.2167 2.4778 3.2989 2.4778 
I03 C80% 28.3946 0.8622 0.8614 1.0672 1.3897 1.0672 1.5278 1.0672 
I03 h+10d 19.3872 1.0676 1.0671 1.0723 1.0821 1.0722 1.0875 1.0722 
I03 h-10d 24.7514 1.0303 1.0299 1.0344 1.0429 1.0343 1.0477 1.0343 
I03 h+15d 31.8911 1.6502 1.6496 1.6600 1.6794 1.6600 1.6870 1.6600 
I03 h-15d 38.1516 1.5332 1.5328 1.5400 1.5533 1.5399 1.5588 1.5399 
I03 h+5d 8.0325 0.5215 0.5208 0.5239 0.5299 0.5238 0.5342 0.5238 
I03 h-5d 8.9397 0.4852 0.4845 0.4876 0.4936 0.4876 0.4980 0.4876 
I03 J110% 7.7983 2.8908 1.4876 1.2316 0.9961 0.9558 1.1155 1.0734 
I03 J110%+C80% 28.0788 3.1087 1.8094 1.7208 1.7643 1.5010 1.8642 1.6034 
I03 J110%+C80%+h-10d 46.9851 3.9505 2.9289 3.1067 3.4836 3.0794 3.5048 3.0463 
I03 J110%+h-15d 27.1168 3.6432 2.5259 2.3512 2.3493 2.3188 2.3003 2.2562 
I03 J110%+h-5d 15.9633 3.0069 1.6849 1.4594 1.2614 1.2195 1.3673 1.3236 
I03 J120% 17.2115 5.7688 2.9454 2.4223 2.6863 2.6571 2.3200 2.2817 
I03 J120%+C120% 27.5240 5.9625 3.3065 3.0251 3.4052 3.2260 3.1365 2.9363 
I03 J120%+C120%+h-10d 52.7145 6.5021 4.1083 4.0430 4.1508 3.9642 4.2673 4.0206 
I03 J120%+C120%+h+15d 47.3297 6.8342 4.5118 4.4155 4.5043 4.3385 4.6072 4.4164 
I03 J120%+C120%+h+5d 40.8095 6.3671 3.9275 3.8849 4.0054 3.8052 4.1278 3.8598 
I03 J120%+C140%+h+10d 48.6273 6.5555 4.1628 4.0913 4.1956 4.0122 4.3081 4.0771 
I03 J120%+C140%+h-5d 48.4691 6.3422 3.8894 3.8438 3.9638 3.7632 4.0892 3.8140 
I03 J120%+C60% 52.2372 6.2847 3.7072 3.5780 4.0425 3.7649 3.7877 3.5252 
I03 J120%+C60%+h+5d 37.5171 6.3671 3.9275 3.8849 4.0054 3.8052 4.1278 3.8598 
I03 J120%+h-10d 27.7595 5.9965 3.3441 2.8859 3.1256 3.0932 2.8169 2.7783 
I03 J120%+h+15d 38.9275 6.3173 3.7815 3.3406 3.5526 3.5336 3.2794 3.2585 
I03 J120%+h+5d 22.1211 5.8388 3.0647 2.5579 2.8086 2.7832 2.4608 2.4284 
I03 J80% 18.6618 5.7111 2.9567 2.4696 2.7416 2.6966 2.4031 2.3482 
I03 J80%+C120%+h-5d 58.7619 5.9748 3.3552 3.0468 3.3935 3.2437 3.1314 2.9780 
I03 J80%+h+10d 26.4706 5.9007 3.3157 2.9056 3.1648 3.1049 2.8806 2.8119 
I03 J80%+h-5d 22.9979 5.7506 3.0488 2.5752 2.8330 2.7932 2.5093 2.4615 
I03 J90% 4.7005 2.8802 1.4919 1.2438 1.0196 0.9720 1.1387 1.0893 
 202 
 
I03 J90%+C120% 23.2092 3.0199 1.7015 1.5724 1.5559 1.3456 1.6588 1.4498 
I03 J90%+C120%+h-10d 51.5715 3.7593 2.6466 2.7018 2.9605 2.6725 2.9859 2.6295 
I03 J90%+C120%+h+15d 39.0757 4.0754 3.0461 3.0663 3.2730 3.0387 3.2736 3.0044 
I03 J90%+C140%+h-5d 46.1277 3.5209 2.3596 2.4420 2.7315 2.4116 2.7736 2.3633 
I03 J90%+C60% 52.8458 3.8851 2.8576 3.1632 3.6610 3.1362 3.7032 3.1026 
I03 J90%+C60%+h+5d 43.1804 3.4836 2.3237 2.3886 2.6587 2.3568 2.6914 2.3063 
I03 J90%+h-10d 21.6773 3.2535 2.0398 1.8361 1.6563 1.6263 1.7535 1.7239 
I03 J90%+h+15d 30.9518 3.6561 2.5758 2.4342 2.4625 2.4043 2.4323 2.3477 
I03 J90%+h-5d 8.5967 2.9902 1.6695 1.4401 1.2353 1.1996 1.3419 1.3050 
I04 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I04 C120% 21.0874 1.7454 1.7360 2.1018 2.4957 2.1016 2.6194 2.1014 
I04 C140% 27.6887 2.8807 2.8653 3.3862 3.8102 3.3869 3.8567 3.3859 
I04 C60% 52.1404 6.4711 6.4689 8.0656 8.2708 8.0657 7.1283 8.0660 
I04 C80% 31.9894 2.9830 2.9812 3.7132 4.0654 3.7131 4.1718 3.7132 
I04 h+10d 44.0778 5.1221 5.1191 5.1174 5.1179 5.1173 5.1180 5.1174 
I04 h-10d 42.8191 5.3022 5.2997 5.3228 5.3359 5.3228 5.3385 5.3228 
I04 h+15d 52.0785 7.4673 7.4627 7.4527 7.4521 7.4529 7.4544 7.4531 
I04 h-15d 54.7673 8.0415 8.0379 8.0725 8.0777 8.0727 8.0693 8.0728 
I04 h+5d 29.0339 2.6350 2.6323 2.6343 2.6387 2.6343 2.6405 2.6342 
I04 h-5d 25.5360 2.6438 2.6416 2.6527 2.6677 2.6527 2.6738 2.6526 
I04 J110% 19.8633 4.4742 2.5063 2.1950 2.2166 2.1332 2.1544 2.0579 
I04 J110%+C140% 26.2599 6.1436 4.6992 5.0573 6.3573 5.3135 5.2101 5.1268 
I04 J110%+C80% 34.5192 5.0158 3.4868 3.8143 4.0614 3.7783 4.1101 3.8237 
I04 J110%+h+10d 43.9403 6.8619 5.7024 5.6463 6.0468 5.8496 5.7129 5.6908 
I04 J110%+h-5d 28.4928 5.2449 3.7801 3.5928 3.7168 3.6830 3.5926 3.5565 
I04 J120% 27.1654 8.7220 5.0474 4.4708 5.5924 5.3458 4.7220 4.6988 
I04 J120%+C120% 37.2244 9.4277 6.1254 6.0433 6.2899 6.2270 6.4251 6.5792 
I04 J120%+C120%+h+5d 36.7549 10.5742 7.6999 7.9735 8.2070 8.1131 8.4425 8.9706 
I04 J120%+C140%+h-15d 57.3677 13.9284 12.0898 12.1524 12.2763 12.2340 12.9784 13.2916 
I04 J120%+C60% 55.2637 10.2036 7.4902 8.4103 8.7003 8.5288 8.2597 9.2146 
I04 J120%+C60%+h+15d 64.1047 12.7979 10.4457 10.9157 11.1313 11.0223 13.0354 13.9161 
I04 J120%+h-10d 50.4261 10.3496 7.6862 7.3512 7.4982 7.4891 7.7296 7.7511 
I04 J120%+h+15d 54.9234 11.5656 9.0625 8.9561 9.1106 9.0774 9.4746 9.6417 
I04 J80% 32.7053 9.5699 5.1308 4.5005 5.9498 5.5526 4.8794 4.8626 
I04 J80%+C120%+h+10d 53.1793 11.1811 8.0526 7.7255 7.9146 7.8902 8.5074 8.6060 
I04 J80%+C120%+h-15d 60.6004 13.6834 10.9989 11.0165 11.1955 11.1423 11.7081 12.0299 
I04 J80%+C140% 43.5369 9.5212 5.4140 5.0222 6.5773 5.9261 5.4083 5.4201 
I04 J80%+C80% 38.2386 10.3160 6.2567 6.3045 6.6264 6.5290 6.7564 7.0357 
I04 J80%+C80%+h+5d 49.1894 10.0781 6.4055 6.0221 6.2628 6.2306 6.4915 6.5524 
 203 
 
I04 J80%+h+10d 48.0627 10.6506 7.0432 6.5334 6.7470 6.7372 7.0145 7.0324 
I04 J90% 15.9419 4.6306 2.4588 2.1283 2.1675 2.0604 2.1040 1.9835 
I04 J90%+C120% 30.5457 4.6800 2.7290 2.5919 2.9045 2.7280 2.7430 2.5035 
I04 J90%+C60% 51.3896 8.3515 7.2450 8.7385 8.9908 8.7798 7.7872 9.0155 
I04 J90%+C80%+h-15d 64.6292 10.8718 10.1173 10.3538 10.4301 10.3853 10.3075 10.5100 
I04 J90%+h-10d 35.1259 7.2026 5.9143 5.8405 6.2922 6.0712 5.9139 5.8887 
I04 J90%+h+5d 41.8236 5.2338 3.5129 3.2720 3.4135 3.3835 3.2531 3.2187 
I05 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I05 C120% 16.1125 1.6700 1.6662 2.0483 2.6499 2.0480 2.7152 2.0481 
I05 C140% 29.3662 3.0921 3.0820 3.7907 4.5489 3.7905 4.5452 3.7904 
I05 C60% 47.2224 3.9990 3.9970 4.9682 5.7454 4.9683 5.7582 4.9682 
I05 C80% 25.7774 1.9095 1.9074 2.3591 3.0689 2.3590 3.1034 2.3590 
I05 h+10d 23.4211 2.3943 2.3926 2.4153 2.4587 2.4152 2.4652 2.4152 
I05 h-10d 25.0090 2.4638 2.4610 2.4794 2.5153 2.4791 2.5201 2.4792 
I05 h+15d 34.0697 3.5943 3.5923 3.6279 3.6729 3.6279 3.6874 3.6278 
I05 h-15d 34.7439 3.7304 3.7269 3.7525 3.7855 3.7524 3.7948 3.7523 
I05 h+5d 10.2932 1.2008 1.1987 1.2114 1.2356 1.2112 1.2470 1.2113 
I05 h-5d 8.2783 1.2120 1.2094 1.2199 1.2404 1.2197 1.2502 1.2198 
I05 J110% 5.5564 3.1337 1.7067 1.4853 1.3169 1.2145 1.4413 1.3411 
I05 J110%+C120%+h+10d 31.3474 5.3679 4.5361 5.0485 5.3500 5.0292 5.3980 5.0513 
I05 J110%+C140% 31.6927 4.8126 3.9045 4.5514 4.9136 4.5308 5.0444 4.5462 
I05 J110%+C80% 30.9472 3.5901 2.3721 2.4861 2.8170 2.4568 2.8534 2.4158 
I05 J110%+C80%+h+15d 29.1375 6.0331 5.2847 5.7099 5.9673 5.6927 5.9506 5.7208 
I05 J110%+h-10d 24.2101 4.1304 3.1083 2.9970 3.0342 2.9717 3.0125 2.9375 
I05 J110%+h+15d 39.7961 5.0560 4.1504 4.0518 4.1433 4.1077 4.0633 4.0184 
I05 J110%+h+5d 12.3430 3.4725 2.2084 2.0317 2.0493 1.9962 2.0050 1.9300 
I05 J120% 15.9559 6.0591 3.2408 2.7809 3.0858 3.0108 2.7700 2.6907 
I05 J120%+C120% 22.6555 6.5444 4.0110 4.0008 4.1475 3.9223 4.2484 4.0198 
I05 J120%+C120%+h-5d 33.4300 7.4634 5.2838 5.7213 7.5583 6.1291 5.9365 5.8407 
I05 J120%+C60% 54.7175 7.2166 4.8914 5.2378 6.9975 5.6855 5.5195 5.3178 
I05 J120%+h+10d 28.9785 6.7593 4.2826 3.9239 3.8823 3.8427 3.9591 3.9090 
I05 J120%+h-15d 31.9142 7.3093 5.1054 4.8259 4.8043 4.7588 4.8925 4.8481 
I05 J120%+h-5d 20.3640 6.1993 3.5109 3.0993 3.3810 3.3069 3.1037 3.0298 
I05 J80% 10.3298 6.6282 3.6024 3.1560 3.1154 3.0430 3.2179 3.1216 
I05 J80%+C120%+h-5d 40.9591 7.0187 4.3426 4.1954 4.2809 4.1134 4.3843 4.2208 
I05 J80%+C140% 32.2626 6.8392 4.0852 3.9308 4.0197 3.8450 4.1283 3.9495 
I05 J80%+C80% 32.5045 7.1713 4.4273 4.4510 4.6260 4.3656 4.7149 4.5115 
I05 J80%+h+10d 26.8653 7.0748 4.3629 4.0438 4.0363 3.9547 4.1441 4.0564 
I05 J80%+h-5d 24.6531 6.8045 3.8822 3.4567 3.4152 3.3523 3.5192 3.4412 
 204 
 
I05 J90% 5.0182 3.2900 1.7890 1.5642 1.5923 1.5167 1.5324 1.4194 
I05 J90%+C120% 21.9748 3.4794 2.1337 2.1072 2.3137 2.0727 2.3362 2.0156 
I05 J90%+C120%+h-10d 43.0968 5.1195 4.2118 4.5220 4.9485 4.5717 4.8828 4.5045 
I05 J90%+C140%+h-15d 47.6883 6.0161 5.2085 5.4842 5.6691 5.4651 5.7335 5.4818 
I05 J90%+C60% 46.9124 5.5449 4.6695 5.5444 6.0132 5.5246 6.0483 5.5496 
I05 J90%+C80%+h+10d 30.9147 4.7124 3.7706 4.0371 4.4384 4.0896 4.3856 4.0154 
I05 J90%+h-10d 24.5681 4.3228 3.1892 3.0445 3.0636 3.0157 3.0357 2.9812 
I05 J90%+h+15d 38.1408 4.9642 4.0298 3.9739 4.1069 4.0315 4.0348 3.9382 
I05 J90%+h+5d 12.3970 3.5283 2.1917 2.0270 2.0708 1.9898 2.0347 1.9220 
I06 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I06 C120% 18.3297 1.7492 1.7447 2.1447 2.5748 2.1446 2.7335 2.1445 
I06 C140% 36.8723 3.2257 3.2126 3.9041 4.4658 3.9047 4.4089 3.9040 
I06 C60% 48.3596 4.2721 4.2693 5.3059 5.8051 5.3058 5.7464 5.3059 
I06 C80% 35.0519 2.0065 2.0044 2.4887 3.0064 2.4887 3.1558 2.4886 
I06 h+10d 26.7981 2.7985 2.7966 2.8093 2.8348 2.8091 2.8356 2.8092 
I06 h-10d 23.6885 2.7680 2.7646 2.7781 2.8061 2.7777 2.8070 2.7779 
I06 h+15d 35.5432 4.1899 4.1876 4.2058 4.2300 4.2058 4.2323 4.2058 
I06 h-15d 35.6172 4.1383 4.1334 4.1538 4.1818 4.1537 4.1843 4.1536 
I06 h+5d 9.7957 1.3773 1.3756 1.3817 1.3942 1.3815 1.3996 1.3816 
I06 h-5d 12.7402 1.3650 1.3626 1.3684 1.3809 1.3682 1.3863 1.3682 
I06 J110% 11.9590 3.7893 1.9726 1.6460 1.6230 1.5873 1.5332 1.4827 
I06 J110%+C120% 25.3195 4.3227 2.8698 3.0444 3.4702 3.1323 3.3677 3.0095 
I06 J110%+C120%+h+10d 43.2456 5.6894 4.5653 4.9632 6.2448 5.1586 5.1555 4.9980 
I06 J110%+C120%+h-5d 34.3142 5.4944 4.4246 4.9835 6.4803 5.1630 5.1887 5.0199 
I06 J110%+C60% 45.8664 5.7764 4.6351 5.4027 7.2666 5.5907 5.6460 5.4430 
I06 J110%+C60%+h-15d 49.9951 6.9404 6.0804 6.5238 7.7871 6.6694 6.5907 6.5782 
I06 J110%+h+10d 30.9921 4.9466 3.6040 3.4112 3.5172 3.4982 3.3813 3.3556 
I06 J110%+h-15d 25.9731 5.7714 4.6940 4.5619 4.6559 4.6276 4.5692 4.5417 
I06 J110%+h-5d 24.1944 4.0728 2.4826 2.2319 2.2205 2.1880 2.1643 2.1232 
I06 J120% 20.8621 7.2053 3.7907 3.1758 3.0747 3.0469 3.2130 3.1822 
I06 J120%+C140% 43.3828 8.0575 5.3405 5.6006 5.8356 5.7434 5.7826 5.9122 
I06 J120%+C80% 41.2149 7.4484 4.1337 3.7582 4.9349 4.5020 3.9414 3.8514 
I06 J120%+C80%+h-5d 41.6823 8.2091 5.5923 5.8610 6.0878 5.9969 6.0284 6.1729 
I06 J120%+h-10d 37.9041 7.7518 4.7727 4.3040 5.0511 4.9584 4.3933 4.3734 
I06 J120%+h+15d 47.7111 8.6699 5.9267 5.5204 6.1816 6.0930 5.6736 5.6654 
I06 J120%+h+5d 26.5188 7.4126 4.1155 3.5499 3.4595 3.4331 3.6080 3.5819 
I06 J80% 17.5957 8.3114 4.2892 3.5672 4.6819 4.5581 3.6958 3.6668 
I06 J80%+C120%+h-15d 60.0837 10.1108 7.0026 6.7653 6.9734 6.9369 7.0867 7.1358 
I06 J80%+C60% 49.2273 9.7223 6.5155 6.9924 7.2923 7.1617 7.1546 7.5166 
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I06 J80%+C80%+h+5d 40.9591 8.7127 5.0381 4.6467 5.9632 5.4538 4.9286 4.8992 
I06 J80%+h+10d 26.2660 8.7815 5.1596 4.5944 5.5646 5.4107 4.7772 4.7557 
I06 J80%+h-15d 35.9486 9.4913 6.1061 5.5770 6.4115 6.3099 5.8243 5.8202 
I06 J80%+h-5d 22.6873 8.4754 4.5603 3.8747 4.9209 4.8111 4.0176 3.9955 
I06 J90% 7.1442 4.0611 2.0958 1.7410 1.7155 1.6772 1.6228 1.5708 
I06 J90%+C80% 33.3945 4.7238 3.1523 3.3732 3.8608 3.4691 3.7282 3.3420 
I06 J90%+C80%+h+10d 26.7176 5.3370 3.9721 4.1207 4.2758 4.0845 4.3453 4.1192 
I06 J90%+h-10d 24.6567 5.0940 3.5933 3.3701 3.4899 3.4700 3.3349 3.3086 
I06 J90%+h+15d 39.1514 5.9675 4.7524 4.6032 4.7151 4.6795 4.6153 4.5818 
I06 J90%+h+5d 13.2522 4.3230 2.5721 2.2946 2.2849 2.2452 2.2258 2.1775 
I07 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I07 C120% 16.2991 2.6638 2.6527 3.2664 3.7708 3.2668 3.8150 3.2662 
I07 C140% 34.2093 4.7371 4.6480 5.7110 5.8544 5.7142 5.5591 5.7175 
I07 C60% 55.3870 5.7022 5.6983 7.1418 9.7631 7.1423 7.0376 7.1420 
I07 C80% 32.9649 2.7877 2.7850 3.4663 4.0225 3.4664 4.1371 3.4663 
I07 h+10d 23.0701 2.8152 2.8139 2.8303 2.8579 2.8303 2.8737 2.8303 
I07 h-10d 22.8317 2.7746 2.7688 2.7839 2.8168 2.7838 2.8343 2.7836 
I07 h+15d 37.8258 4.1719 4.1701 4.1991 4.2437 4.1991 4.2465 4.1990 
I07 h-15d 31.3973 4.0921 4.0805 4.1084 4.1508 4.1089 4.1633 4.1080 
I07 h+5d 13.9457 1.4316 1.4306 1.4381 1.4600 1.4381 1.4696 1.4381 
I07 h-5d 9.4195 1.4678 1.4665 1.4705 1.4891 1.4704 1.4977 1.4704 
I07 J110% 14.2589 2.6021 1.4294 1.2491 1.1132 1.0299 1.2101 1.1189 
I07 J110%+C120%+h+15d 35.6400 7.5029 6.8989 7.6937 7.8365 7.7176 7.3218 7.7975 
I07 J110%+C120%+h+5d 35.7202 6.3411 5.6822 6.7186 6.8920 6.7439 6.3229 6.8087 
I07 J110%+C140% 32.6201 6.0026 5.3517 6.4571 6.6370 6.4817 6.1002 6.5347 
I07 J110%+C140%+h+10d 41.7895 6.8749 6.2362 7.1598 7.3197 7.1847 6.7604 7.2591 
I07 J110%+C80% 31.0970 3.7739 2.9317 3.3504 3.8558 3.3964 3.8330 3.3300 
I07 J110%+h-10d 24.2045 4.0730 3.3430 3.2619 3.2861 3.2462 3.2736 3.2288 
I07 J110%+h+15d 41.6892 5.0267 4.4517 4.4149 4.4884 4.4457 4.4493 4.3996 
I07 J110%+h+5d 17.3816 2.9676 1.9807 1.8553 1.7883 1.7107 1.8538 1.7755 
I07 J120% 25.5131 5.1132 2.7764 2.4006 2.6503 2.5884 2.3552 2.2686 
I07 J120%+C120% 21.0888 6.1969 4.2507 4.6083 6.2103 4.9801 4.8499 4.6824 
I07 J120%+C120%+h-5d 35.3408 7.8226 6.2134 7.1996 7.4297 7.2705 6.8676 7.4973 
I07 J120%+C60% 59.7256 7.5474 5.9485 6.9305 7.1624 7.0023 6.8306 7.0998 
I07 J120%+h+10d 29.7882 5.8685 3.9244 3.6729 3.8675 3.8034 3.6925 3.6289 
I07 J120%+h-15d 42.6255 7.0064 5.3468 5.1287 5.1076 5.0842 5.1746 5.1550 
I07 J120%+h-5d 27.9418 5.5255 3.3842 3.0537 3.2615 3.2131 3.0275 2.9694 
I07 J80% 19.7464 5.3667 3.0232 2.7038 2.9966 2.8901 2.7254 2.5904 
I07 J80%+C140% 52.3597 6.7199 4.7386 5.0546 5.2492 5.1622 5.1828 5.2542 
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I07 J80%+C140%+h-15d 57.3361 7.3112 5.7713 6.0616 6.2085 6.1383 6.1548 6.1943 
I07 J80%+C80% 32.4728 6.5754 4.6185 5.0756 6.8600 5.4489 5.3575 5.1422 
I07 J80%+h-10d 32.1430 5.8522 3.8228 3.6397 3.9183 3.7790 3.7308 3.5981 
I07 J80%+h+15d 44.2530 6.8355 5.1181 4.9913 5.0162 4.9441 5.0750 4.9918 
I07 J80%+h+5d 28.8347 5.6493 3.4593 3.1847 3.4519 3.3487 3.2220 3.1044 
I07 J90% 4.4444 2.6709 1.4947 1.3266 1.2111 1.1080 1.3104 1.1985 
I07 J90%+C120% 23.8654 3.7404 2.8201 3.1117 3.5404 3.1664 3.4770 3.0910 
I07 J90%+C120%+h+10d 36.5905 5.7714 5.1222 5.7424 5.8648 5.7689 5.7045 5.7935 
I07 J90%+C60% 52.6463 6.6866 6.1985 7.6421 10.4360 7.7098 7.3764 7.6832 
I07 J90%+C80%+h+5d 30.1383 5.3262 4.6116 5.3271 6.9879 5.4366 5.3179 5.3775 
I07 J90%+h+10d 23.8741 4.0017 3.2613 3.2093 3.2628 3.1932 3.2551 3.1720 
I07 J90%+h-15d 34.7041 4.7434 4.1478 4.1503 4.2704 4.1827 4.2317 4.1359 
I07 J90%+h-5d 11.3419 2.9708 1.9611 1.8473 1.8059 1.6969 1.8741 1.7650 
I08 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I08 C120% 4.4429 1.5911 1.5892 1.9674 2.5609 1.9672 2.6861 1.9673 
I08 C140% 22.0527 3.0268 3.0245 3.7570 4.5373 3.7569 4.6673 3.7569 
I08 C60% 39.5692 3.5411 3.5397 4.3908 5.2980 4.3908 5.4359 4.3908 
I08 C80% 19.1897 1.7086 1.7071 2.1134 2.7510 2.1133 2.8851 2.1134 
I08 h+10d 19.3797 1.8740 1.8726 1.9010 1.9530 1.9009 1.9698 1.9009 
I08 h-10d 10.2862 1.7935 1.7908 1.8182 1.8688 1.8179 1.8862 1.8180 
I08 h+15d 20.7627 2.8428 2.8415 2.8837 2.9610 2.8836 2.9691 2.8836 
I08 h-15d 19.1191 2.7067 2.7032 2.7454 2.8234 2.7450 2.8335 2.7451 
I08 h+5d 6.7882 0.9224 0.9205 0.9337 0.9582 0.9336 0.9722 0.9336 
I08 h-5d 5.7264 0.8866 0.8839 0.8964 0.9200 0.8961 0.9339 0.8962 
I08 J110% 21.7444 3.9623 2.3228 2.0372 2.0223 1.9850 1.9484 1.8985 
I08 J110%+C140% 26.5762 5.1666 4.0441 4.5308 5.1263 4.5908 5.0477 4.5096 
I08 J110%+C60%+h+10d 27.0480 5.6719 4.6341 5.0919 5.6581 5.1473 5.5157 5.0817 
I08 J110%+C80% 32.4667 4.3183 2.8445 2.8842 3.1865 2.8474 3.1898 2.8036 
I08 J110%+h+10d 28.8078 4.4526 3.0487 2.8658 2.8922 2.8291 2.8563 2.7821 
I08 J110%+h-15d 21.3702 4.5613 3.3038 3.1668 3.2132 3.1363 3.1879 3.1007 
I08 J120% 29.2419 7.0274 3.9413 3.3816 3.2872 3.2647 3.3815 3.3525 
I08 J120%+C60% 47.2067 7.9514 5.2435 5.4346 7.1618 5.9763 5.7286 5.5138 
I08 J120%+C60%+h-10d 26.9402 7.8473 5.3422 5.4556 6.9271 5.9459 5.6999 5.5306 
I08 J120%+C80%+h-15d 26.7808 7.9781 5.5717 5.6596 7.0333 6.1260 5.8828 5.7348 
I08 J120%+h-10d 36.9514 7.0976 4.1675 3.6732 3.5953 3.5711 3.6849 3.6545 
I08 J120%+h+15d 33.2324 7.6233 4.8537 4.4525 4.4070 4.3628 4.5194 4.4745 
I08 J80% 17.1822 8.3845 4.2643 3.4930 4.5988 4.5186 3.6870 3.6735 
I08 J80%+C140%+h-10d 45.0432 9.0906 5.4367 5.1486 6.5723 5.9216 5.4323 5.4018 
I08 J80%+C140%+h+15d 50.3092 9.4468 6.0132 5.7820 7.1472 6.4871 6.0595 6.0523 
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I08 J80%+C80%+h+5d 31.1767 8.8649 5.0925 4.8111 6.3340 5.6221 5.1017 5.0532 
I08 J80%+h+10d 22.6214 8.6287 4.7236 4.0419 5.0465 4.9604 4.2419 4.2300 
I08 J80%+h-15d 35.8610 8.9620 5.2396 4.6320 5.5807 5.4721 4.8516 4.8406 
I08 J80%+h-5d 28.0524 8.4618 4.4000 3.6575 4.7368 4.6512 3.8549 3.8413 
I08 J90% 6.3506 4.1204 2.1057 1.7339 1.6993 1.6680 1.6112 1.5716 
I08 J90%+C120% 19.0898 4.3634 2.5136 2.4089 2.6260 2.3597 2.6020 2.3052 
I08 J90%+C60% 34.4395 5.7014 4.3600 4.9941 5.7428 5.0663 5.5839 4.9770 
I08 J90%+h+15d 17.2460 5.1403 3.6478 3.4471 3.5782 3.5439 3.4305 3.3833 
I08 J90%+h+5d 11.6035 4.2501 2.3459 2.0187 1.9935 1.9616 1.9230 1.8839 
I09 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I09 C120% 22.5212 2.1755 2.1740 2.7040 3.2687 2.7040 3.4264 2.7040 
I09 C140% 41.5428 3.9026 3.9001 4.8566 5.3167 4.8566 5.3843 4.8566 
I09 C60% 47.6933 5.1770 5.1757 6.4405 7.0484 6.4405 6.9304 6.4406 
I09 C80% 30.9716 2.4520 2.4510 3.0460 3.6798 3.0460 3.8466 3.0460 
I09 h+10d 33.7655 3.7812 3.7796 3.7834 3.7903 3.7834 3.7920 3.7833 
I09 h-10d 29.4201 3.7558 3.7542 3.7717 3.7936 3.7717 3.7987 3.7716 
I09 h+15d 45.8815 5.6410 5.6390 5.6408 5.6457 5.6409 5.6452 5.6408 
I09 h-15d 43.0598 5.6026 5.6005 5.6324 5.6620 5.6325 5.6605 5.6324 
I09 h+5d 19.0110 1.8623 1.8611 1.8651 1.8735 1.8649 1.8760 1.8650 
I09 h-5d 9.9631 1.8703 1.8692 1.8753 1.8874 1.8752 1.8907 1.8753 
I09 J110% 6.8581 4.5176 2.2998 1.8809 1.8324 1.8080 1.7553 1.7279 
I09 J110%+C140%+h-10d 45.7483 8.1630 7.0788 7.7515 7.9060 7.7966 7.6711 7.8598 
I09 J110%+C140%+h+5d 50.6162 6.3319 4.8607 5.5348 7.4005 5.7734 5.6448 5.6232 
I09 J110%+C80% 30.9025 5.0239 3.2134 3.3638 3.8372 3.4709 3.7056 3.3243 
I09 J110%+C80%+h-10d 46.0284 8.1630 7.0788 7.7515 7.9060 7.7966 7.6711 7.8598 
I09 J110%+C80%+h+5d 44.1574 6.3319 4.8607 5.5348 7.4005 5.7734 5.6448 5.6232 
I09 J110%+h+10d 46.0516 6.0379 4.5335 4.3142 4.2780 4.2739 4.3013 4.2953 
I09 J110%+h-15d 45.9771 7.3175 6.1234 5.9988 5.9935 5.9691 6.0415 6.0237 
I09 J110%+h-5d 20.9443 4.9193 3.0104 2.7074 2.8625 2.8416 2.6505 2.6219 
I09 J120% 22.7678 8.8103 4.7763 4.0633 5.1461 5.0334 4.3557 4.3473 
I09 J120%+C120% 19.4840 9.3158 5.6559 5.3760 5.6330 5.5871 5.7477 5.7967 
I09 J120%+C60% 49.6368 9.9700 6.7175 7.2426 7.5332 7.3987 7.3642 7.7157 
I09 J120%+C60%+h-10d 43.5080 11.6850 9.0376 9.3486 9.5659 9.4724 9.6405 10.1340 
I09 J120%+C60%+h+5d 21.1615 9.8718 6.5205 6.5816 6.8381 6.7589 6.9562 7.2114 
I09 J120%+h-10d 39.3465 9.6861 6.2770 5.7647 5.9669 5.9606 6.0966 6.1000 
I09 J120%+h+15d 44.9111 10.3933 7.2163 6.8497 7.0380 7.0204 7.2272 7.2568 
I09 J120%+h+5d 26.6561 8.9914 5.0999 4.4707 5.5148 5.3621 4.7713 4.7640 
I09 J80% 28.5349 10.0795 5.1249 4.1974 5.5255 5.4299 4.6504 4.6474 
I09 J80%+C140% 37.8085 10.3504 5.8217 5.4571 5.7894 5.7300 5.9250 5.9807 
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I09 J80%+C80% 30.7648 10.5823 5.9524 5.5905 5.9356 5.8728 6.1144 6.2001 
I09 J80%+C80%+h-15d 60.3863 12.8417 9.3931 9.3109 9.5434 9.4840 9.8643 10.1050 
I09 J80%+h-10d 44.5276 10.9055 6.5023 5.7637 6.0434 6.0389 6.2835 6.2877 
I09 J80%+h+15d 50.7073 11.6305 7.6735 7.0583 7.2901 7.2858 7.6546 7.6637 
I09 J80%+h+5d 34.7632 10.2536 5.4684 4.6128 5.8557 5.7578 5.0746 5.0740 
I09 J90% 10.8887 4.8655 2.4774 2.0292 2.2476 2.2277 1.9027 1.8710 
I09 J90%+C120% 27.3457 5.1419 3.0509 3.0133 3.4170 3.1485 3.2590 2.9521 
I09 J90%+C120%+h-15d 61.7468 9.3649 8.3250 8.7574 8.8789 8.8015 8.7291 8.8644 
I09 J90%+h-10d 32.1601 6.2980 4.5981 4.3525 4.3138 4.3057 4.3419 4.3301 
I09 J90%+h+5d 22.6085 5.2362 3.1401 2.7983 2.9681 2.9483 2.7320 2.7056 
I10 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I10 C120% 6.0182 0.9077 0.8741 1.0268 1.2802 1.0234 1.3362 1.0246 
I10 C140% 15.4876 1.8633 1.7755 2.0280 2.3227 2.0263 2.3859 2.0240 
I10 C60% 40.8003 2.7678 2.7645 3.3939 3.8986 3.3940 3.8614 3.3938 
I10 C80% 17.1999 1.1861 1.1844 1.4743 1.9299 1.4741 1.9430 1.4742 
I10 h+10d 31.4947 1.7262 1.7234 1.7274 1.7376 1.7271 1.7395 1.7272 
I10 h-10d 6.9089 1.5432 1.5302 1.5332 1.5447 1.5319 1.5483 1.5323 
I10 h+15d 35.0880 2.5205 2.5157 2.5229 2.5346 2.5228 2.5394 2.5227 
I10 h-15d 12.1801 2.3069 2.2856 2.2900 2.3018 2.2896 2.3073 2.2889 
I10 h+5d 10.6795 0.8852 0.8836 0.8856 0.8908 0.8855 0.8936 0.8855 
I10 h-5d 1.3207 0.7787 0.7730 0.7747 0.7808 0.7741 0.7850 0.7743 
I10 J110% 8.4388 3.4130 1.7917 1.4811 1.4394 1.4278 1.3322 1.3133 
I10 J110%+C140% 16.2326 4.2358 2.7780 2.8059 3.1518 2.9102 3.0079 2.7717 
I10 J110%+C80% 23.2591 3.8602 2.3979 2.3695 2.6713 2.4763 2.5589 2.2941 
I10 J110%+h+10d 21.4551 4.1466 2.7618 2.5217 2.4983 2.4801 2.4523 2.4318 
I10 J110%+h-15d 18.8320 4.4601 3.1991 2.9989 3.1195 3.0929 2.9756 2.9380 
I10 J110%+h-5d 9.5371 3.5754 2.0783 1.8045 1.7661 1.7587 1.6833 1.6724 
I10 J120% 14.5791 6.4928 3.4444 2.8665 3.1352 3.1183 2.8028 2.7855 
I10 J120%+C120% 15.9824 6.6207 3.7319 3.3346 3.3097 3.2320 3.4316 3.3488 
I10 J120%+C140%+h-15d 28.3185 7.4582 4.8572 4.5942 5.5952 5.1880 4.7935 4.7603 
I10 J120%+C60% 48.7218 7.5457 4.7814 4.8178 6.4166 5.4368 5.0738 5.0810 
I10 J120%+C80%+h+10d 29.7010 7.2661 4.4861 4.1631 5.1931 4.8059 4.3630 4.3245 
I10 J120%+h-10d 20.8997 6.7846 3.9753 3.4732 3.3843 3.3726 3.4772 3.4629 
I10 J120%+h+15d 34.1227 7.4850 4.7240 4.2467 4.9602 4.8914 4.3391 4.3259 
I10 J120%+h+5d 14.1712 6.6197 3.6212 3.0705 2.9726 2.9591 3.0378 3.0182 
I10 J80% 8.3294 10.9944 5.5906 4.5779 4.9723 4.9651 5.3872 5.3966 
I10 J80%+C140% 29.4230 11.1786 6.1236 5.2862 5.6511 5.6334 6.2770 6.3227 
I10 J80%+C60%+h-5d 42.7931 11.2427 6.2358 5.4086 5.7696 5.7522 6.3825 6.4276 
I10 J80%+C80%+h+5d 26.3765 11.2376 6.1819 5.3319 5.6974 5.6807 6.3769 6.4225 
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I10 J80%+h+10d 31.0562 11.3786 6.2490 5.3208 5.6814 5.6747 6.2424 6.2569 
I10 J80%+h-15d 40.3004 11.8597 6.9028 6.0132 6.3580 6.3517 7.1300 7.1494 
I10 J90% 2.6086 5.3085 2.6942 2.2006 2.4379 2.4181 2.1002 2.0737 
I10 J90%+C60% 30.8600 6.8570 4.6673 4.9208 5.1492 5.0641 5.1169 5.1621 
I10 J90%+C80%+h-5d 37.5918 6.0036 3.7976 3.5730 4.4558 4.0901 3.7022 3.6199 
I10 J90%+h+10d 27.8454 6.0256 3.7330 3.3219 3.2496 3.2383 3.3111 3.2959 
I10 J90%+h+15d 33.9041 6.6448 4.4659 4.0779 4.0114 3.9978 4.1315 4.1197 
I10 J90%+h+5d 16.3679 5.5296 3.0640 2.6137 2.8268 2.8104 2.5453 2.5269 
I11 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I11 C120% 18.4901 2.3191 2.3069 2.7625 3.1708 2.7630 3.1692 2.7623 
I11 C140% 36.7469 4.4851 4.4642 5.2145 5.3212 5.2153 5.0030 5.2165 
I11 C60% 60.3967 6.1268 6.1227 7.7206 7.9275 7.7207 6.9779 7.7211 
I11 C80% 40.3612 2.8119 2.8095 3.5529 3.9167 3.5528 4.0629 3.5528 
I11 h+10d 27.5889 4.5207 4.5184 4.4775 4.4522 4.4776 4.4498 4.4775 
I11 h-10d 26.3385 3.9994 3.9801 3.9513 3.9559 3.9523 3.9573 3.9508 
I11 h+15d 33.4953 6.5730 6.5696 6.5193 6.4717 6.5198 6.5078 6.5194 
I11 h-15d 35.4194 5.8727 5.8497 5.8172 5.8204 5.8167 5.8195 5.8176 
I11 h+5d 13.8869 2.2794 2.2774 2.2541 2.2275 2.2539 2.2262 2.2540 
I11 h-5d 18.5742 2.0498 2.0429 2.0232 2.0223 2.0225 2.0243 2.0228 
I11 J110% 22.9963 3.3833 1.7845 1.5021 1.4837 1.4518 1.4005 1.3516 
I11 J110%+C120% 24.1393 4.3774 3.1675 3.5785 4.9093 3.7854 3.8264 3.6028 
I11 J110%+C60% 57.7565 6.9656 6.2534 7.6785 7.9039 7.7064 7.0163 7.7934 
I11 J110%+C60%+h+10d 25.7551 7.9969 7.1620 7.8449 7.9970 7.8809 7.4467 8.1979 
I11 J110%+h+15d 32.5934 7.5137 6.7985 6.6541 6.7427 6.7814 6.6848 6.6895 
I11 J110%+h+5d 26.5719 4.1012 2.8512 2.6420 2.6117 2.6109 2.5779 2.5763 
I11 J120% 29.3951 6.5468 3.4619 2.9192 2.8330 2.8060 2.9132 2.8763 
I11 J120%+C120%+h-10d 37.3021 8.7215 6.4914 6.9165 7.1195 7.0190 6.9633 7.3515 
I11 J120%+C140% 29.0213 8.2671 5.8935 6.5198 6.7668 6.6327 6.5346 7.2470 
I11 J120%+C140%+h+10d 38.5585 10.0026 7.9152 8.4552 8.6785 8.5558 9.0141 9.8722 
I11 J120%+C80% 46.6622 6.9472 4.1190 4.0436 5.4661 4.6331 4.2724 4.1953 
I11 J120%+h-10d 39.3211 8.0340 5.6952 5.2957 5.7558 5.7720 5.4109 5.4143 
I11 J120%+h+15d 46.0390 9.3916 7.3607 7.0265 7.1293 7.1321 7.2571 7.2529 
I11 J120%+h+5d 41.7132 6.8938 4.0131 3.5219 3.4404 3.4261 3.5532 3.5380 
I11 J80% 16.6505 7.4824 4.1578 3.6610 3.6104 3.5423 3.7654 3.6999 
I11 J80%+C60% 56.3244 10.2665 7.8962 9.1869 9.5094 9.2954 8.6833 10.0363 
I11 J90% 9.7084 3.6179 1.9591 1.6910 1.6966 1.6399 1.6268 1.5462 
I11 J90%+C140% 46.6911 6.0671 5.0499 5.4392 5.5679 5.4884 5.3949 5.5777 
I11 J90%+C80% 37.5238 4.9062 3.7172 4.3160 5.9203 4.5164 4.6099 4.3419 
I11 J90%+C80%+h-5d 49.7609 6.1052 5.1858 5.5745 5.6937 5.6173 5.5465 5.6776 
 210 
 
I11 J90%+h-10d 31.7546 5.1517 4.1158 4.0742 4.1167 4.0470 4.1644 4.0604 
I11 J90%+h+15d 35.2983 7.6922 6.9471 6.7994 6.8944 6.9344 6.8320 6.8366 
I12 original 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I12 C120% 14.6790 2.0195 1.9895 2.4420 2.9301 2.4416 3.0486 2.4408 
I12 C140% 27.5126 3.7782 3.7147 4.5650 4.9783 4.5637 4.9085 4.5658 
I12 C60% 49.2394 4.8083 4.8056 5.9973 8.1214 5.9976 6.2529 5.9974 
I12 C80% 26.1963 2.2852 2.2834 2.8485 3.4487 2.8485 3.5307 2.8484 
I12 h+10d 21.9548 2.6097 2.6041 2.6329 2.6885 2.6324 2.6871 2.6326 
I12 h-10d 21.6941 2.7037 2.7020 2.7236 2.7540 2.7236 2.7685 2.7235 
I12 h+15d 28.3738 3.8178 3.8114 3.8545 3.9091 3.8544 3.9108 3.8543 
I12 h-15d 30.5029 4.0963 4.0946 4.1222 4.1516 4.1223 4.1604 4.1221 
I12 h+5d 10.3752 1.3118 1.3077 1.3210 1.3477 1.3206 1.3579 1.3207 
I12 h-5d 12.0839 1.3430 1.3413 1.3531 1.3783 1.3529 1.3879 1.3530 
I12 J110% 22.9286 3.2099 1.8600 1.6943 1.7580 1.6518 1.7203 1.5741 
I12 J110%+C140% 33.0392 4.6980 3.9857 4.6686 6.1845 4.7762 4.9672 4.6806 
I12 J110%+C60%+h+5d 43.4471 4.8700 4.1923 4.8331 6.2846 4.9347 5.0985 4.8461 
I12 J110%+C80% 34.9075 4.0529 2.9184 3.2588 3.7416 3.3213 3.6858 3.2324 
I12 J110%+C80%+h+10d 43.3939 5.3396 4.7372 5.3077 6.6419 5.3983 5.4943 5.3244 
I12 J110%+C80%+h-10d 42.0553 5.4812 4.8883 5.4447 6.7430 5.5338 5.6354 5.4602 
I12 J110%+h-10d 28.4231 4.1735 3.1799 3.1119 3.2424 3.1710 3.1691 3.0724 
I12 J110%+h+15d 38.2454 5.0956 4.3463 4.3465 4.4773 4.3872 4.4196 4.3344 
I12 J120% 30.9167 6.0711 3.4966 3.1959 3.1986 3.1012 3.3022 3.1808 
I12 J120%+C120%+h+10d 40.4649 7.2079 5.5324 5.8919 7.3357 6.1823 6.0122 6.0016 
I12 J120%+C140%+h-5d 40.1657 6.8367 5.0166 5.4328 7.0182 5.7511 5.6049 5.5275 
I12 J120%+C60% 55.0075 8.0509 5.9603 6.7551 6.9942 6.8503 6.7240 6.9899 
I12 J120%+h-10d 34.7031 6.6907 4.3791 4.1734 4.1989 4.1028 4.2980 4.2198 
I12 J120%+h+15d 25.1963 7.4084 5.3850 5.2290 5.9430 5.6290 5.3490 5.3085 
I12 J120%+h+5d 35.6007 6.2876 3.8228 3.5372 3.5382 3.4524 3.6368 3.5383 
I12 J80% 16.7836 7.5599 3.8433 3.1502 3.0299 3.0066 3.2021 3.1784 
I12 J80%+C140% 43.8050 8.0354 4.8747 4.9118 6.5629 5.5344 5.1623 5.1764 
I12 J80%+C80% 28.3008 8.0572 4.7205 4.6293 6.1939 5.3144 4.8919 4.8282 
I12 J80%+h+10d 26.1582 8.0078 4.6469 4.1009 4.9427 4.8521 4.2145 4.1965 
I12 J80%+h-5d 20.2495 7.6673 4.0704 3.4311 3.3249 3.2997 3.5050 3.4818 
I12 J90% 5.1165 3.6735 1.8721 1.5385 1.5072 1.4793 1.4105 1.3701 
I12 J90%+C120% 18.2336 4.1077 2.5692 2.6576 3.0336 2.7505 2.9623 2.6045 
I12 J90%+h+15d 31.6676 5.3991 4.3284 4.2171 4.3131 4.2770 4.2334 4.1984 
I12 J90%+h+5d 13.9633 3.9589 2.3392 2.0778 2.0603 2.0330 2.0013 1.9665 
  
 
Acknowledgements 
7년 전 유니스트 교정이 세워지기 전 낡은 건물 한 켠에서 면접을 보던 때가 생각납니다. 돌이
켜 보면 면접장을 들어서는 순간에는 이렇게 오랜 시간 유니스트에 머물 것 이라고 생각하지 
못했는데, 아무 것도 없는 환경에서 제 것, 저의 애정이 고스란히 담기는 순간이 소중했기에 박
사 학위까지 받을 수 있었던 것 같습니다. 7년이라는 시간은 여러 사람을 만나고 많은 시행착
오를 겪으면서 저 스스로도 많이 성장할 수 있었던 시간이었습니다. 면접 때의 첫 만남에서부
터 지금까지 잘 이끌어주시고, 말로는 표현하지 않으셨지만 늘 애정을 듬뿍 담아 저의 든든한 
지원군이 되어주셨던 저의 멘토, 평생의 스승이신 곽영신 교수님 감사합니다. 존경하고 사랑합
니다. 바쁘신 가운데 기꺼이 저의 논문 심사 위원이 되어주신 인하대 김춘우 교수님, 유니스트 
김성필 교수님, 김차중 교수님, 양승준 교수님 감사합니다. 제가 보지 못한 부분까지 예리하게 
잡아주시고 지도해 주셔서 무사히 논문을 마무리 할 수 있었던 것 같습니다. 사랑하는 나의 연
구실 식구들 세민, 혜영, 무서운 선배를 만나 많이 고생했음에도 따뜻한 마음으로 늘 응원해 주
어서 고맙다. 백예슬 박사님, 선배가 없는 제가 정말 많이 도움을 받았던 것 같아요. 박사님 없
었으면 연구실 생활이 암담하기만 했을 것 같습니다. 감사해요. 
무작정 울산으로 내려와 대학원에 들어갔을 때도 멀리 해외를 나갈 때도 내 친구 최고라고 자
랑스럽다고 항상 응원해주던 효경이, 너의 응원이 부끄럽지 않으려고 더 열심히 할 수 있었던 
것 같아. 이제는 미국에서 응원해주는 나의 룸메이트 지은이, 시선이, 고마워- 서로의 발전을 
위해 늘 응원하고 잘 된 일에 순수한 마음으로 축하해주던 너희들한테 많이 배웠어. 멀리 있지
만 항상 응원하고 사랑해. 대학원 생활을 잊어버리고 한참을 수다 떨 수 있게 해준 민서, 성애, 
수현이, 보고 싶다 이제 얼굴 보고 수다 떨자. 만난 지 얼마 안됐지만 오래 된 것만 같은 범근
이, 늦게 시작한 대학원 생활에 고생하고 있는 내 12년 지기 친구 준우, 마지막 시기에 너희들
의 큰 응원이 힘이 되었어. 힘내자! 곧 끝날거야. 멀리 있어도 가까이 있는 것처럼 안부를 늘 
물어주고 걱정하고, 만날 때 마다 제가 더 큰 꿈을 꿀 수 있게 용기를 주는 명진 언니, 늘 응원
해 주셔서 고맙습니다.  
한창 좋은 시기에 학교에만 있다며 안타까워 하시면서도 나의 모든 일에 든든한 후원자가 되어
주신 가족, 부모님, 언니들, 형부, 이모 그리고 나를 무장해제 시키는 내 강아지들 주은, 가은, 
감사합니다. 사랑합니다. 곧 나의 가족이 될 그 사람에게... 항상 묵묵히 뒤에서 응원 해주고 때
로는 무서운 조언으로 스스로 더 채찍질 할 수 있게 해주어 고맙습니다. 기도로 응원해주시는 
저의 가족 같은 목사님, 사모님, 그 사랑을 어찌 다 갚을 수 있을까요. 항상 감사합니다. 마지막
으로 Thank God for love. 
